
*/- 3 /a 














■: t - r $ 

* i- ‘ .• ‘l* -* * l' *'* • 

\ 

. O 

: 



?OjF 

Jofi/iil 1'nol -ig 

' • • ’ r ' 1 - - 

* • ' ■ ■' : 
Abb& Q* Hiatt'S. 



a 






.'■ ' : -V U I V •:♦•> :v -a .J. !>v .u 

■ ‘ ■■ ■ - ■ 









, 








Robert Hooke. Micrographia. London, 1665. the warnock library 




»££ AM\joA. 




## ##### 



By the Council of the Royal Society 
of I o/Mfo/z for Improving of Natural 
Knowledge. 

Ordered,7£<tf the Book, written by Robert Hoo ke,M.A.Fellon> of this Society, 
Entituled , Micrographia, or fome Phyfiological Defer iptions of 
Minute Bodies, made by Magnifying Glaffes, with Obfervations and 
Inquiries thereupon, Be printed by John Martyn,(W James Alleftry, 
Printers to the [aid Society* 



Brounckek. P. R.S. 



Novem . 23. 
1664, 



MICROGRAPHIA 

' OR SOME 

Phyfiological Defcriptions 

MINUTE BODIES 

MADE B If 

MAGNIFYING GLASSES- 

WITH 

O b $ e r v a t i o ns and I n o^u iries thereupon. 
By R , HO 0 KE , Fellow of the Royal S o c i e t y~ 

Non pjjit oatto quanfiam contendere Lineeks, • 

Non tamen idcirco conuninas LippUs inungi. Horat. Ep.Iib. I. 










TO T HE 




SIR, 




you can 

forgive 




The Epistle 



forgive the moft prtfumptuom Ofendors : 

And by the other, that you will not e- 
fleem the leaft work of Nature , or Art, 
unworthy your Obfervation. Amidft the 
many felicities that have accompani’d 
your Majejlies happy Reflauration and 
Governmentfw. is none of the leaft confi- 
derable, that Philo fjphy and Experimental 
Learning have profper'd under your Royal 
Patronage. And as the calm profperity 
of your Reign has given us the leifure 
to follow thefe Studies of quiet and re- 
tirement, foit is juft, that the Fruits of 
them fhould , by way of acknowledge- 
ment , be return’d to your Majefly. 
There are, Sir, fcvcral other of your 
Subjects, of your Royal Society, now 
bnfie about Nobler matters : The /iK- 




'e. Amidft all thofe 

greater 



Dedicatory. 

greater Defigns,I here prefume to bring 
in that which is more proportionable to 
the fmalnefs of my Abilities , and to 
offer fome of the leaft of all vifible 
things , to that Mighty King, that has ejla- 
blifhtan Empire over the beft of all In- 
visible things of this World, the Minds 
of Men. 



Tour Majejlies moft humble 

i ' V ' j r 1 , • 

\ - ’ ’ ■ v 1 ■ "n^fiCn j ■ r; : , 

arid mofl obedient 





TO THE 

ROYAL SOCIETY. 

• Fter my Addrefo to our Great Founder and Pa- 
tron , I could not but think my felf oblig’d , 
in confideration of* thole many hgagements 
you have laid upon me , to offer theft my 
poor Labours to this MOST ILL tl- 
ASSEMBLY, YOU have been 
pleas’d formerly to accept of theft rude Draughts. I have fince 
added to them fomc Defections , and fome Conjectures of my 
own. And therefore, together with YOUR Acceptance, I muff 
alfo beg YOUR pardon. The Rules YOU have preferib d YOUR 
felves in YOUR Philofophical Progrefs do feem the beft that 
have ever yet been praftis’d. And particularly that of avoiding 
Dogmatizing , and the effoufal of any Hypothecs not fufficiently 
grounded and confirm’d by Experiments . This way feems the 

moft excellent , and may preferve both Philofophy and Natural 
Nfiory from its former Corruptions . In faying which, I may feem 
to condemn my own Courft in this Treatift ; in which there 
may perhaps be fome Exprejfions , which may feem morepofithe 
then YOUR Prefcriptions will permit: And though I defire 
to have them underftood only as Conjectures and Queries (which 
YOUR Method does not altogether difallow)yet if even in thoft 
I have exceeded, Tic fit that I fhould declare, that it was not 
done by YOUR Di regions. For it is moft unreafonable, that 
YOU fhould undergo the imputation of the faults of my Con- 
jedures, feeing YOU can receive fo [mall advantage o f reputa- 
tion by the fleight Obfervations of 

YOVR moft bumble and 
moft faithful Servant 



ROBERT HOOKE, 




THE 

PREFACE. 

)T it the great prerogative of Mankind above other 
Creatures , that we art not only able to behold the 
works of Nature , or barely tofuftein our lives by 
them , but we have alfo the power of confidering, 
comparing, altering, a flifting, and improving 
them to various ufes.And as this is the peculiar priviledge of humane 
Nature in general, fo is it capable of being fo far advanced by the helps 
of Art, and Experience , as to make fome Men excel others in their 
Obfervations , and Dedudim,almofl as much as they doBeafts. By the 
addition of fuch artificial Inftruments and methods^te may be,in 
fome manner, a reparation made for the mifehiefs, and imperfection, 
mankind has drawn upon it felf, by negligence,and intemperance , and a 
wilful and fuperftitious defining the Prefcripts and Rules of Nature, 
whereby every man, both from a deriv'd corruption, innate and born 
with him, and from his breeding and corner fo with mmfts very fubjed 
to flip into all forts of errors . 

The only way which now remains for us to recover fome degree of 
thofe former perfections, feems to be,by rectifying the operations cf the 
Saifejhe Meraory,andRe(i{on,fince upon the evidencefhe ftrength, 
the integrity , and the right correfpondence of allthefe,allthe light, 
by whichour actions aretobe guided, is to be renewed, and allow com* 
mand over things is to be eftablifht. 

It is therefore moft worthy cf our confideration , to recoiled their fe- 
feveral defeds, that fo we may the better underftandhow to fupply them 

and by what affiances we may inlarge their power, and fecur zthem in 
performing their particular duties . 

As for the affionsofm Senfes, we cannot butobferve them to kin 

a many 
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many particulars much outdone by thofeof other Creatures , and when 
at befi,to be far port of the perfection they feem capable of : And thefe 
infirmities of the Senfes arife from a double caufe , either from thed if- 
proportion of the Object to the Orgmynhereby aninfinite number of 
things can never enter into them,or elfe from error in the P erception, 
that many things , which come within their reach, are not received in a 
right manner. 

The like frailties are to be found in the Memory ; we often let many 
things flip away j from us, which deferve to be retain d; and of thofe 
which we treafure up , a great part k either frivolous or falfe ; and if 
good, and fubftantial , either in trad of time obliterated, or at be.fi fi 
overwhelmed and buried under more frothy notions , that when there k 
need of them , they are in vain fought for . 

The two main foundations being fo deceivable , it k no wonder , that 
all the fucceedingworks which we build upon thereof arguing . , conclu- 
dingydefiningjudgingy and all the other degrees of Reafon , are lyable to 
the fame imperfection , being . , at befl , either vain , or uncertain : So that 
the errors of the underftanding are anfwerable to the two other , being 
defective both in the quantity andgoodnefiof its knowledge ; fir the li- 
mits, to which our thoughts are confi nd , are fmalltn re fed of the vafi 
extent of Nature it filfi, fame parts of it are too large to be comprehen- 
ded, and fime too little to beperceived. And from thence it mufifol- 
low,that not having a full finfition of the ObjeCl , m muft be very lame 
and imperfeCl in our conceptions about it , and in all thepropofitions 
which we build upon it ; hence, we often take the fhadow of things for 
the fubftance, fmall appearances for good fimilitudes, fimilitudes 
for definitions; and even many of thofe, which we think to be the mofi 
filid definitions, are rather exprejfions of our own mifguided apprehen - 
fions then dfthe true nature cf the things themfelves. 

The effeds cf thefe imperfeCims are manifefiedin different ways,ac- 
cording to the temper anddifiofitim of the fiver al minds of men, fime 
they incline Jto grofs ignorance and fiupidity, and others to a pre- 
fumptuous impofing on other mens Opinions, and a confident dog- 
matizing onmattersywhereof thmkmaffuranceto be given. ^ 



The Preface, 

Thus all the uncertainty, and miftakgs of humane ad-ions, proceed 
either from the narrownefs and wandring of our Senfes, from thefligpt- 
rintfi or dehfwn of our Memory, from the confinement or rapnefi of 
our Underftanding, fothat ’tk no wonder, that our power over natu- 
ral caufes and effeds k fo [lowly tmprovd, feeing we are not only to 
contend with the obfeurity and difficulty of the things whereon we work 
and think, but even the forces of our own minds empire to betray U4. 

Thefe being the dangers in the precefi of humane Reafon, the remedies 
cf them all can only proceed from the real, the mechanical, the ex- 
perimental Philofophy, which has thk advantage over thePbilofiphy of 
difirourfe and deputation, tAzt whereas that chiefly aims at the fubtilty 
of its Dedudions and Concluftom , without much regard to the firfi 
ground-work, which ought to be well laid on the Senfi and Memory ; 
fi thk intends the right ordering of them all,and the making them fir - 
viceable to each other. 

The firfi ' thing to be undertaken in thk weighty work, k a watch- 
fulnefs over the failings and an inlargem ent of the dominion, of 
the Senfes. 

To which end it k requifite, firfi, Thai there pouldbt a ferupu- 
lous chice,and a ftrift examination, of the reality, cenftancy, and 
certainty of the Particulars that we admit:Jhk k the firfi rife where - 
on t/uth k to begin , and here the mofi fiver e, andmofi impartial dili- 
gence, mufi be imployed ; the faring up of all, without any regard to 
evidence or ufe , will only tend to darhpefs and corjfufion. We mufi 
not therefore efieem the rk^ foMmT^mfi^my 
ber only, but chiefly by the weigUybe meft vulgar Infiances aremt to 
be negleCted fmt above all, the mofi inftru&ive are to he entertain d- 
uefiotfteps of Nature are to betracdjiot only in her ordinary courfe* 
lut when Jhe ferns to bept to her feftsjo mh rnty doublings aid 

4 inmdmrmrtngto avoid mt 



The next care to hetakfx, inrejpe8eftkSeife, htfmhmrf 
taal Orgjns to the natural • this in one of them has been f hit pars 



accom- 
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accomplifht with prodigious benefit to all forts of ufeful knowledge. ? by 
the invention of Optical Glafes. By the means of Telefcopes, there vs 
nothing fo fardiftantki may be reprefentedto our view ; and by the 
help o/Microfcopes, there is nothing fo (mall* as toefcape our inqui- 
ry ; hence there h a near vifible World difeovered to the underfianding. 
By this means the Heavens are open’d , and a vafi number of new Stars? 
and new Motions-) and new Productions appear in them ? to which all the 
artttent Afironomerswere utterly Strangers. By this the Earth it felf? 
which lyes fo neer us? under our feet, Jhews quite a new thing to us? and 
in every little particle of its matter ? we now behold almofi as great a 
variety of Creatures ? as we were able before to reckon up in the whole 
Un'iverfe it felf 

Itfeemsnot improbable ? but that by theft helps the fubtiltyof the 
compofition of Bodies ? the firuCture of their parts? the various texture 
of their matter? the infiruments and manner of their inward motions ? 
and all the other pojfible appearances cf things? may come to be more 
fully difeovered ; all which the antient Peripateticks were content to 
comprehend in two general and ( unleft further explain'd ) ufeleft 
words cf Matter and Form. From whence there may arife many admi- 
rable advantages?towards the increafe of the Operative, and the Me- 
chanick Knowledge? to which this Age feems fo much inclined? becaufe 
we may perhaps be inabled todifeern all the fecret workings cf Nature? 
almofi in the fame manner as we do thofe that are the productions of 
Art? and are rnanagd by Wheels? and Engines? and Springs? that were 
devifed by humane Wit. 

In this kjnd I here prefentto the World my imperfedlndeavours ; 
which though they Jb all prove no other way confiderable?yet? I hope? they 
may be infome meafure ufeful to the main Defign of A reformation 
inPhilofophy?if it be only by Jbewing? that there is not fo much requir d 
towards it?any jlrength cf Imagination^ exaCheft of Method, or depth 
(fContemphnoiftbough the addition of thefe?wherethey canbe had? 
muft needs produce a much moreperfeCl compofure'yas a fincere Hand, 
and a faithful Eye, to examine? and to record? the things themfelves 

as they appear. 



And 
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And I beg my Reader? to let me take the boldneft to affure hint ? 
that in this frefent condition cf knowledge ? a man fo qualified? as I 
have indeavoured to be? only with reflation? and integrity? and plain 
intentions ofimploying his$e hfes aright ynay venture to compare the re- 
ality and the uffulneft of his fervices? towards the true Philofphy? with 
thofe cf other men? that art of much fronger?andmore acute lpecula- 
t\on$?tbai fa all not make ufe of the fame method by the S enfis. 

The truth is? the Science of Nature has been already too long made 
only a work, of the Brain and the F an cy ; It is now. high time that it 
fljould return to the plainneft and [oimdneft of Obfervations on ma- 
terial and obvious things. It is [aid cf. great Empires? That Axe. belt, 
way to preferve them from decay, is to bring them back to the 
firft Principles, and Arts, on which they did begin. The fame 
is undoubtedly true in Rhifofophy?that by wandring far away into invi- 
sible Notions, almofi quite defray'd it felf ?and it can never he re- 
covered? or continued? but by returning into the [ami fenfible paths* 
in which it did at firfi proceed. 

If therefore the Reader expeds from me any infallible Deductions * 
or certainty of Axioms, lam to fay for rnyfelf? that thofe fironger 
Works of Wit and Imagination are above rhy weak. Abilities ; or if 
they had not been fo? I would not have made ufe of them in this pre^ 
fent SubjeCl before mi: Whereever he finds that I have ventur'd at 
any fmallConjeCiures? at the caufes of the things that I have obferved? 
Ibefeech him to look, upon them only as doubtful P roblems,3wi^ uhcer-* 
tain gheflej, and not as unquefiionable Conclufions ? or matters of un- 
confutable Science ; lhave produced nothing here? with intent tobind 
his under fianding to an implicit confent ; I am fo far from that?that 
If fire km not abfolutely to rely upon theft Obfervations of my eyes 
if he finds them contradicted by the future Ocular Experiments of fo 
ber and impartial Difcoverers. J 



'JfiTS tgp. Ih T HU Labours 

Jham^Hftttosak^ fome place in the large flockofn acural 

Obfe v t .on s , M fo mar,! hands arebufie infjuing. If lhave 
contributed the meaneft foundations trhereon LsdfJfe fZ 

^ Super- 
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Superftroftures, lam abundantly fatisfied ; and all my ambition is, 
that Imay firve to the great Philofaphers <f this Age , as the makers 
and the grinders ofmyGlaffes did to me ; that I may prepare and fur- 
nip them with fome Materials, which they may afterwards order and 
manage with better skill , and to far greater advantage. 

The next remedies in this umverfal cure of the. Mind are to be ap- 
ply ed to the Memory, and they are to confifi of fuch 'DirrfAions mmay 
inform us, what things arebefi to be ft or ’d up for our purpofe, and 
which vs the befi way of fo difpofing them, that they may not only be 
kept in fafety,&tf ready and cmvenknt,to be at any time produc d for 
aft , as occafion pall require. But l will not here prevent my f elf in 
what I may fay in another Vifcourfe , wherein I pall make an at- 
tempt to propofe fome Conftderatim of the manner of compiling a Na- 
tural and Artificial Hifiory, and of fa ranging and regiftring its 
Particulars into Philofophical fables , as may make them mofl ufeful 
for the raffing of Axioms and Theories. 

The lafi indeed is the moft hazardous Enteiprhe, and yet the mo] 2 
neceffary ; and that is, to take fach. care that the. Judgment and the 
Reafon of Man ( which h the third Faculty to-be repair d and im- 
prov'd') pould receive fuch affiance, as to avoid the dangers to 
which it is by nature moft fubjeti. The Imperfections, which I have al- 
ready mention'd, to which it is lyable, do either belong to the extent:, 
Qr the goodnefs of its knowledge ; and here the difficulty U the grea- 
ter, leafi that which may bethought a remedy fa the one pould 
prove deftru&ive to the other, haft by faekwg to inlarge qur firm- 
ledge, we pould render it weak and uncertain-, and leafi by bang 
too fcrupulows andexafi about every Qmmfiame (f it, we pould 

confine and fireighten it too much. ■ , , 

In both theft the middle wap are to be taken , nothing a to be 
omitted, and yet every thingtopafl a mature deliberation ; No 
Intelligence from Mmcf all Profeffms, and quarters cfthtWorld, 
to be flighted,^ all to be fa feverely examin'd, that there remain 
no room for doubt or inftahilHyi much rigour U admitting, much 
ftriSnefs in emparhg^nd above all, much flovmefs m debate, and 
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!Wf S w determining, » to hepped. The Undemanding * id 
order allthe irferiour fervices 4 the hmr Faculties ; but yet it xto 
do thkmly as a lawful Matter, andmt as a Tyrant. Itmfi wtin- 
erdach upon their Offices, nor take vpn it fdf the employments^ which 
belong to either of them. Itmfiw&ch the irregularities 4 the Sen-. 
f« hut it mu(i not go before them, or prevent their information, it 

examine, range, W difpofc,/ M* **t 

Memory ; but it mufibe fare to make<M'm&ion between the fober and 
well colletted heap , and the extravagant Idea's, and mittaken 
linages , which there it may fometimes light upon. So many are the 
links ftpon which the. true Phihfaphy depends , 4 which Jf any one be loofe, 
jjrweak , the whole chain is in danger 4 being dijfotid ; it is to be- 
gin with the Hands and Eyes, and to proceed on through the Memory^ 
to be continued by the Reafon ; nor is it to fiop there, but to come about 
to the Hands and Eyes again, and fo, by a continual pafTage round 
from one E acuity to another , it is to be maintained in life and ftrength, 
as much as the body of man is by the circulation of the blood through the 
fever al parts (f the body, the Arms, the Fat, the Lungs, the Heart, and the 
Head. 

If once this method were followed with diligence and attention, there is 
nothing that lyes within the power 4 human Wit (or which is far more 
effectual) 4 human Induftry , which we might not compafa ; we might 
not only hope for Inventions to equalize tb4e 4 Copernicus, Galileo, 
Gilbert Harvy, and of others, wkfa Names are almoft loft, that were the 
Inventors 4 Gun-powder, the Seamans Compafs, Printing, Etching, 
Graving, Microfcopes,&c. but multitudes that may far exceed them : 
far even thofadifeoverks feern to have been the podutii of fome fuch. me- 
thod, though but imperfect ; What may not be thertfore expelled from it if 
thoroughly profecuted? Talking and contention of Arguments would 
fmi be turn dinto labours ; all the fine dreams 4 Opinions, and urn- 
verfalmetaphyttcal natures, which the luxury 4 fubttl Brains has de- 
vis'd, muld quickly vamp , andgiveplace to folid Hiftories, Experi- 
ments and Works. And os at firfi, mankind by tatting of the 

forbidden Tret of Knowkdgefa we, their P after ily, may be in part ct&ord 

by 
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by the fame way, not only by beholding and contemplating, but by ta- 
iling too tbofe fruits of Natural knowledge, that were never yet forbidden* 

From hence the World may be ajfifted with variety of Inventions , new 
matter for Sciences may be colle&ed, the old improv’d, and their ruft 
rubb'd away ; and as it h by the benefit of Senfes that we receive all our 
Skill in the works cf Nature/o they alfo may be wonderfully benefited by 
it, and may be guided to an eafter and more exaH performance of their 
Offices ; fk not unlikely , but that we may find out wherein our Senfes. are 
deficient, and. as eafily find wayes cf repairing them. f ■ 

■ The Indeavours of Skilful men have been mofi converfant about the 
affiftahee cf the Eye , and many noble Prodidiions have followed upon it 
and from hence we may conclude, that there is away open d for advancing 
the operations , not only of all the other Senfes fiut even of the Eye it fdfthat 
which has been already done ought not to content usfiut rather to incourage 
us to proceed further, and to attempt greater things in the fame and defe- 
rent wayes. 

'Tis not unlikely-) but that there may be yet invented fever oil other 
helps for the eye,as much exceeding tbofe already found,mthofe dojbe bare 
eyefuch as by which we may perhaps be able to difeover living Creatures in 
the Moon, or other Planets, the figures of the compounding P articles of 
matter, and the particular Schematifms and Textures of Bodies. 

And as Glades have highly promoted our feeing, fo 'tis notimproba- 
blefiut that there may be found many Mechanical Inventions to improve 
our other Senfes , cf hearing, fuelling, tailing, touching. ’Tis not 
impofible to hear a whifper a furlongs difiance, it having been already 
done ; and perhaps the nature of the thing would not make it moreim- 
pofible, though that furlong Jbould be ten times multiply d. And though 
fame famous Authors have affirm'd it impofible to hear through the thin- 
ned plate of Mufcovy-glafs ; yet I know away, by which’ tiseafie enough 
to hear one ffeak through a wall a yard thick. It has not been yet 
thoroughly examind,how far Otocoullicons may be improv'd, nor what 
other wayes there may be of quickning our hearing, or conveying found 
through other bodies then the Air: for that that is not the only medium, 
I can afure the Reader, that I have, by the help of a diftended mrc,prcpa- 
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aated the found to a very confiderable difiance in an inllant, or with as 
feemingly quick & motion as that of light , at leaf , incomparably f a fter 
thenthat, which at the fame time was propagated through the Air ; and 
this not only in a firaight line , or direSi, but in one bended in many 

angles. . j 

Nor are the other three fo perfeefbut that diligence, attention, and 

many mechanical contrivances, may alfo highly improve them. F or 

fincethe fenfe of fuelling ferns to be made by the fwift paffage of the 
Air ( impregnated with the fleams and effluvia of feveral odorous 
Bodies j through the grifly meanders cf the Nofe whofe furfaces are 
cover’d with a very fenfible nerve , and moi lined by a tranfuda- 
tion from the procefilis mamillares of the Brain , and fame ad- 
feyntng glandules, and by themoift fleam of the Lungs, with a Liquor 
convenient for the reception of tbofe effluvia and by the adhefionand 
mixing cf tbofe fleams with that liquor, and thereby a felting the nerve, or 
perhaps by infmuating thernfelves into the juices of the brain , after the 
fame manner, as I have in the following Ob fervations intimated, the parts 
of Salt topafi through the skins of Efs , and Frogs. Since, I fay, fuelling 
feems to be made by fame fuch way, ’tis not improbable, but that fome con- 
trivance, for making a great quantity of Airpafi quickthrough the Nofe, 
might as much promote the fenfe of fuelling, as the any wayes hindringthat 
pafage does dull and defir cy it. Several try ah I have made , both of 

hindring and promoting this fenfe,and have fucceededin fome according to 
expectation ; and indeed to me it feems capable of being improv'd, for the 
judging of the confiitutions of many Bodies. Perhaps we may thereby 
aljo judge Qas other Creatures feem to doj what h whoffome,what poyfon ; 
and in a word, what are the ffeafick properties cf Bodies. 

There may be alfo feme other mechanical wayes found out , of fenfibly 
perceivingthe effluvia of Bodies ; feveral Inftances of which, wereithere 
paper I could give cf Mineral fleams and exhalations ; and it feems not 
iityoffible but that by feme fuch wayes improved, maybe difeover edi what 
Minerals lye buried under the Earth, without the trouble to dig for them * 
feme things to confirm this Conjebhiremay he found in Agricola, andother 
Wntersof Minerals, ffieakjngof the Vegetables that are apt to thrive, or 
pme,mthofe fleams. e m , . 
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Whether alfoihofe fleams, which feern to ifue cut of the Earth , and 
mix with the Air ( and fo to precipitate fome aqueous Exhalatwns,wkere- 
with ’tit impregnated ^ may not be by fome way detected before they produce 
the efeSi, feems hard to determine ; yet fomething of this kind I am able to 
difeoverfy an Inftrument I contriv'd to Jhew all the minute variations in 
theprefure of the Air ; by which Iconftantly findjhat before ^ and during 
the time of rainy weather , theprefure of the Air is left-, andin dry wea- 
ther , but efpecially when an Eaftern Wind ( which having paft over 
vaft traVts of Land is heavy with Earthy Particles ) blows , it is much 
more , though thefe changes are varied according to very odd Laws . 

The Inftrument is this. I prepare a pretty capacecus Eolt-head A B, with 
a fmall ftem about two foot and a half long D C y upon the end of this D 
I put on a fmall bended Glamor brazen Syphon D E F ( open at D, E and F, 
but to be doled with cement at F and E, asoccafion ferves) whofe ftem* 
fhould be about fix or eight inches long, but the bore of it not above half an 
inch diameter,and very even * thefe I fix very J[ongly together by the help 
of very hard Cement , and then fit the whole Glafs A b C D L t into a long 
Boarder Frame, in fuch manner,thnt almcft half the head A & may lye buri- 
ed in a concave Hemifphere cut into the Board RS i then I place it loon 
the Board RS, as is expreft in the firft Figure of the firft Scheme , and fix 
it very firm and fteady in that pofture, fo as that the weight of ridie Mercury 
that is afterwards to be put into it, may not in the leaft ftrakeoi far it , then 
drawing a line X Y on the Frame R T, fo that it may divide the ball into 
two equal parts, or that it may pafs, as ’twere through the centerof.^ 
ball. 1 begin from that, and divide all the reft of the Board towards LI T 
into inches ^and the inches between the 25 and the endECwh^h neednotbe 
above two or three and thirty inches diftant from the line X Y) ^bdivide 
into Decimals j then flopping the end F with loir Cemem,ortoft ^ax^^in- 

and\>^ft F with a ^aft Funne 1 , T fill tTeXleaafswith QuickfiLver 5 then 

5 «!■« ^eningk « before, Ifil. ir 
mo full with dem and well tain* Quickfilver, andhanng mace rtady a 
fmall bad of pretty hard Cement, by heat made very fofc.I prcfclt u,K> the 
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and bv a fmall Syphsn I draw out the Mercury fo long, till I find the furface of 
it AB^ in the head to touch exaftly the line XY5 at which time I immedi- 
ately take away the Syphon , and if by chance it be run fomewhat below 
the line XY, by pouring in gently a little Mercury atF, Iraile : itagair ito 
its ddired height , by this contrivance I make all the fenilble nfing and fal- 
ling of the Mercury to be vifible in the furface of the Mercury in the Pipe F, 
and fcarce any in the head A B. But becaufethere really^ is fome fmall 
change of the upper farfacealfo^ I find by feveral Obftrvations how much 
it rifes in the Ball, and falls in the Pipe F, to make the diftance between the 
awo futfaces an inch greater then it was before ; and the meafure that it 
falls in the Pipe is thelength of the inch by which I am to mark the parts of 
the Tube F, or the Board on which it lyes, into inches and Decimals : Ha- 
ving thus juftned and divided it, I have a large Wheel M N O P, whole 
outmoft limb is divided into two hundred equal parts 5 this by certain fmall 
Pillars is fixt on the Frame RT, in the manner expreft in the Figure. In 
the middle of this, on the back fide, in a convenient frame, is placed a fmall 
Cylinder, whofe circumference is equal to twice the length of one of thole 
divisions, which I find anfwer to an inch of afeenr, or defeent, of Mercury : 
This Cylinder I, is movable on a very lmall Needle , on the end of which is 
fixt a very light Index K L, all which are fo pois’d on the Axis, or Needle, 
that no part is heavier then another : Then about this Cylinder is wound a 
fmall Clew of Silk, with two lmall fteel Bullets at each end of it G H j one 
of thefe, which is fomewhat the heavier, ought to befo big, as freely to 
move to and fro in the Pipe F j by means of which contrivance, every the 
leaft variation of the height of the Mercury will be made exceeding vifible 
by the motion to and fro of the fmall Index KL. 

But this is but one way of difeovering the effluvia of the Earth mixt 
with the Air ; there may be perhaps many othersjvitnefl the Hygrofcope, 
an Inftrument whereby the watery fleams volatile in the Air are difeernedy 
whichtheNofeit felfis not able to find. This I have dejertb'din the 
following Tradt in the Defcription of the Beard of a wild Oat. Others there 
are, may be difeovered both by the Nofe , and by other wayes alfo. Thus 

thelmozV of burning Wood is fmelr, feen, and fuffidcntly felt by the 
eyes: The fumes of burning Brimftone are fmek and difeovered alfo 
by the defraying the Colours of Bodies , as by the whitening of a red 
R°fe .* Andwho knows, but that the Induftry of man, following thisme - - 
woaynay find out wayes of improving thisfenfe to as great a degree of per - 
fettiM' as it is tn any Animal, and perhaps yet higher. 

JfX m lm l robabk a V>M that our tafte my he very much 

wteZf'v " 8 ^ M tk B ° dh * biller things, 

Wme^r other V,no us liquors, are more feebly tajled ; elfehy pre- 

paring 
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paring Bodies for our taft ; as the difolving of Metals with add Liquors, 
mah them taftable , which were before altogether inftpid * thus Lead be- 
comes Tweeter then Sugar , and Silver more bitter then Gall ', Copper 
andiron of rnoft loathfome tofts. And indeed the buftnefi of this fenfe 
being to difcover the prefence of diffolved Bodies in Liquors put on the 
Tongue,or in general to difcover that a fluid body has fame [olid body diffolvd 
in it, and what they are ; whatever contrivance makes this difcovery 
improves thus fenfe. In thus hind the mixtures of Chymical Liquors af- 
ford many Inftances ; as the [met Vinegar that is impregnated with 
Lead may be difovered to be fo by the affufum of a little of an Alcalizate 
folution .* The bitter liquor of Aqua fords and Silver may be difcover d 
to be charg’d with that Metal , by laying in it fame plates cf Copper : 
'Tts not improbable alfofiut there maybe multitudes of other wayes of difco- 
vering the parts diffolvd, or difjoluble in liquors ; and what is this difco- 
very but a kind of fecundary rafting, 

’Tvs not improbable alfo,but that the fenfe of feeling may be highly im- 
prov'd, for that being a fenfe that judges cf the more grofs and rob lift 
motions of the Particles of Bodies, ferns capable of being improv’d and 
afftfted very many wayes . Thus for the diftinguifhtng of Heat and Cold ,the 
Weather-glafs and Thermometer, which 1 have defcrib' din this follow- 
ing Treatife, do exceedingly perfect it ; by each of which the leaft varia- 
tions of heat or cold, which the moft Acute fenfe is not able to diftinguifh,are 
manifefted This is oftentimes further promoted alfo by the help of Burn- 
ing-glafles, W the like , which collect and unite the radiating heat. Thus 
the roughnefs and fmoothnefs of a Body is made much more fenftble by 
the help cf a Microfcope, then by the moft tender and delicate Hand. 
Perhaps, a Phyfttian might, by fever al other tangible proprieties, difcover 
the confutation of a Body as well as by the Pulfe. I do but inflame in 
thefe,to fhew whatpoflibility there may be of many others, and what proba- 
bility and hopes there were of finding themjf this method were followed ; 
for the Offices of the five Senfes being to deteVl either the fubtil and curi- 
ous Motionspropagated through all pellucid or perfectly homogeneous 
Bodies ; Or the more grok and vibrative Pulfe communicated through 
the Air and all other convenient mediums ,' whether fluid or foltd : Or the 

effluvia 
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effluvia of Bodies diffolv'd in the Air ; Or the 
folv’d or diffoluble in Liquors, or the more quick and violent a- 
kirn motion heat in all or ary ofthefe: vrbatfiever does an) mjes pro- 
mote any ofthefe kinds e/criteria, does afford a my of improving fame 
one fenfe < And what a multitude cf tbefervould a diligent Man meet 
with in his inquiries ? And this for the. helping and promoting the fenfi- 

tive faculty only. t 

Next,as for the Memory, or retentive faculty, we may befuffciently 

inftruHed from the written Hi.ftorieso/ civil aft ions, what great ajfi - 
fiance may be afforded the Memory , in the committing to writingthhigs ob- 
fervable in natural operations. If a Phyfttian be therefore accounted the 
more able in his Faculty, becaufe he has had long experience and praciice, 
the remembrance cf which, though perhaps very imperfect, does regulate alt 
his after actions i What ought to be thought of that man . , that has not only 
a perfect regifter of his own experiencefiut is grown old with the experience 
of many hundreds of years, and many thoufands of men. 

And though of late , men, beginning to be fenftble cf this convenience, 
have here and there regift red and printed feme few Centuries, yet for th& 
moft pari they are fet down very lamely and imperfectly, and, I fear, many 
times not fo truly, theyfeerning, fever al of them, to be deftgndmore for 
Oftentacion then p ublique ufe ; For, not to inftanceffhat they do,for the 
moftpart,omitthofe Experiences they have made , wherein their Patients 
have mifcarrkd,it is very eafte to beperceiv d,thatthey do allalonghyper- 
bolically extol their ownPreftriptions , andvilifie thofe of others, Not- 

mthftanding all which, thefe kinds of Hiftories are generally eftem'd ufe- 
ful, even to the ableft Phyfttian. 

What may not be expelled from the rational or deductive Faculty 
that isfurnifht with fuch Materials, and thofe fo readily adapted, and 
rang'd for ufeflhat in a moment, m 'twere, thoufands of Inftances, ferving 
for the ilftiftration,determination, or invention, cf almoft any inquiry 
maybe reprefented eww tothe fight? Uowneer the nature of Axioms 
muft allthofe Propofttions^ which are examindbfwe fo many Wit- 
neffes ? AnIhow difficult will it be. for any, though never fo fubtil an er- 
min hilofophy, to fcape from being difeovefd, after n has indur'd the 
touch, and jo many other t'ryals ? J What 
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What kind of mechanical way, andphyftcal invention alfo is there re - 
quit d, that might not this way he found out ? the Invention of away to 
find the Longitude of places is eafily perform'd, and that to as great per- 
fection ac is defir d, or to as great an accuratenefs as the Latitude of 
places can be found at Sea ; and perhaps yet alfo to a greater certainty 
then that has been hitherto found ', as I pall very ffeedily freely manifeji to 
the world The way of flying in the Air feems principally unprafticabk , 
by reafonof the want of ftrength inhumane mufcles ; if therefore 
that could be fuppli d,it were,I think? eafietomake twenty contrivances to 
perform the office of Wings .* What Attempts alfo I have made for the 
[applying that Defeft, and my fuccejfes therein, which , I think? are wholly 
new, and not inconfiderable, I [sail in another place relate. 

* Tbs not unlikely ctlfo? but that Chymifts, if they followed this method, 
might find out their fo much fought for Alkaheft. What an univerfal 
Menftruum, which diffolves all forts of Sulphureous Bodies, l have 
difcoverd ( which has not been before taken notice of as fitch ) I have 
Jbewn in the fifteenth Obfervation. ■ 

What a prodigious variety of Inventions in Anatomy has this latter 
Age afforded, even in our own Bodiesfm the very Heart, by which we live, 
and theBmn, which is the feat of our knowledge of other things ? witnefi 
allthe excellent Works of Pecquet, Bartholinus, Bilims, and many 
others ; and at home, oj Dobior Rgtvy,Do$or Ent ,Vo5lor Willis, Voffior 
Gliffon. /«CeIeftial Obfervations we have far exceeded all the An- 
tients,even the Chaldeans and Egyptians themfelves, whofe vaft Plains, 
high Towers, and clear Air, did not give them fo great advantages over 
us, as we have over them by our Glafles. By the help of which , they have 
been very much outdone by the famous Galileo, Hevclius, Zulichem * 
and our own Countrymen , Mr* Rook, Vottor Wren, and the great Orna- 
ment of our Church and Naticn,the Lord Bifhop of Exeter, And to fay 
no more in Aerial Difcoveries, there has been a wonderful progr eft made 
by the Noble Engine 0 / the moll: Uluftrious Mr. Boyie,whom it becomes 
rne to mention with all honour , not only as my particular P atronfiut as the 
Patron of Philofophy it felf, which he every day increafes by his La- 
bours, and adorns by his Example. 
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The good fuccefi of all thefe great Men ,andmany others , and the now 
feemingty great obvioufnefs of moft of their and divers other Inventions y 
which from the beginning of the world have been, as 'twere, trod on, and 
yet not minded till thefe lafi inquiiitive Ages ( an Argument that there 
may be yet behind multitudes of the like') puts me in mind to recommend 
fuchStudies,and theprofecutionof them by fuch methods, to the Gentlemen 
t four Nation,whofe leifure makeslhem fit to undertake, and the plenty 
cf their fortunes to accomplish, extraordinary things in this way . And I 
do not onlypropofe this kind of Experimental Philofophy as a matter of 
high rapture and delight of the mind. \ but even as a material and fenfi- 
ble Pleafure. So vaft is the variety of Objects which will come under 
their Inffefiions, fo many different wayes there are gf handling them, fo 
great is the latisfadion of finding out new things, that I dare compare 
the contentment which they will injoy, not only to that <f contemplation, 
but even to that which moflmen prefer oft he very Senfes themfelves. 

And if they will pleafe to take any incouragement from fo mean 
and fo imperfect endeavours as mine, upon my own experience, I can 
affure them,mtbout arrogance. That there has not been any inquiry or Pro- 
blem in Mechamcks, that I havehithertopropounded to my felf, hut by a 
certain method ( which I may on fame other opportunity explain ) I have 
been able prefently to examine the poffibility of it ; and if fo, as eafily to ex- 
cogitate divers wayes of performing it: Andindeedit bspojfibletodo as 
much by this method in Mechanicks, « by Algebra be perform'd in 

Geometry. Nor can I at alldoubt, but that the fame method is as ap- 
phcMeto Phyfical Enquiries , and « lively to find and reap tberne m 
plentiful a crop of Inventions; and indeed there feems tobe no WkS Co 
barrenfiut rnay with this good husbandry be highly improv'd. 

Toward the profecution f this method inthyficA Jnqu'iries Iharn 
here gleaned up an handful fOhjhrvatiom, hthecolkaLof 

mjl frthehlmade ufe 0 J Microfcopes, and fame other Glafles and In 
laments that throve the fenfe ; winch way I have her Ant aT nt 

World, 
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Worlds and for the difcovery of man) others hitherto unknown , and to make 
us,with the great Conqueror Jo be of tiled that we have not yet overcome one 
World when there are fo many others to be difcovertd, every confiderabk 
improvement o/'Tclefcopes or Mierofcopes producing new Worlds and 
'fefra-Ineognkasfci our view. 

the Glafes Iufedwere of our Englif mahfiut dough very good of the 
kind , yet far jhortofwhat might be expelled, could we once find a way of 
making Glafes Elliptical, or of fame more true Jbape ; for though both 
Mierofcopes, .WTclcfcopcs, as they now are, willmagnifitan ObjeH 
about a thoufand thoufand times bigger then it appears to the naked eye ; 
yet the Apertures of the ObjeH-glafes are fo very fmalljhat very few Rays 
are admitted, and even of thofe few there are fo manyfalfe, that the ObjeH 
appears dark and indiftinft : Andindeed thefe inconveniences arefuch,as 
feern infepar able from Spherical Glafes, even when mojl exaHly madefiut 
thway we have hitherto made ufe of for thatpurpofe us fo mperfeHjhafhere 
may be perhaps ten wrought before one be made tolerably good, andmofi of 
thofe ten perhaps every one difehng in goodnefi one from another , which h 
an Argument, that the way hitherto ufed is,at leafi,very uncertain. So that 
thefe Glafes have a double defeHjhe onejhat very few of them arc exaftly 
true wrought ; the other , that even of thofe that are bejl among them, none 
•will admit a fufficient number of Rayes to magnifie the Objeli beyond a 
determinate bignefi. Againft which Inconveniences the only Remedies I 
have hitherto met with are thefe. 

Firft for Microfiches ( where the Objeft we view is near and within our 
power) the belt Way of making it appear bright in the G afi,is to call a great 
quantity of fight on it by means of cenvex glafes, for thereby ^though thesper- 
ture be very fmall,yet there will throng in through it fuch multi tudes,that an 
Objeft will by this means indure to be magnifi’d as much again as it would 
without it The way for doing which is this. 1 make choice Of fome 
Room that has only one window open to the South and at about three or 
four foot diftance from this Window, on a Table J place my Microfco fe, and 
then fo Place either a round Globe of Water, or a very deer dear piano con- 
vex Gteis (whofe convex fide is turn'd towards the Window) that theie 
iTa great quantity of Rayes collected and thrown upon the Objeft : Or it 
he Sine, I place a fmall piece of oyly Paper very near the Objeft be- 

tweenthat and the light 5 thin with* good ****“*^^ 
and throw the Rayes on the Paper, that there may bea very great quanttt) 
of light pafi through it to the Objeft ; yet I fo proportion that light, that n 
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may not finge or burn the Paper. Inftead of which Paper there may be 
made ufe of a fmall piece of Looking-glafs plate , one of whole fides is made 
rough by being rubb’d on aflat Tool with very find fand, this will, if the 
heat be leifurely caft on it, indure a much greater degree of heat, and con- 
lequently very much augment a convenient light. By all which means the 
light of the Sun, or of a Window, may be lo caft on an Objeft, as to make it 
twice as light as it would otherwife be without it, and that without any in- 
convenience of glaring, which the immediate light of the Sun is very apt to 
create in mofr Objefts; for by this means the light is lb equally dtffuled, 
that all parts are alike inlightned 5 but when the immediate light of the Sun 
falls on it, the reflexions from fome few parts are fo vivid, that they drown 
the appearance of all the other, and are themfelves alio, by reafbn of the in- 
equality of light, indiitmft, and appear only radiant Ipots. 

But becaule the light of the Sun, and alfb that of a Window, is in a conti- 
nual variation, and lo many Objects cannot be view'd long enough by them 
to be throughly examin’d; bdides that, oftentimes the Weather is lo dark 
and cloudy, that for many dayes together nothing can be view’d : And be- 
caule alio there are many Objects to be met with in the night, which cannot 
fo conveniently be kept perhaps till the day, therefore to procure and caft a 
fufficient quantity of light on airObjeft in the night, I thought of, and often 
ufed this, Expedient. 

I procur’d me a fmall Pedeftal, fuch as is deferib’d in the fifth Figure of 
the hm Scheme on the final! Pillar A B, of which were two movable 
Armes C D , which by means of the Screws EF, I could fix in any part of 
r C filrf u 11 the ^ermoft of riide I plac'd a pretty large Globe of Glafs 

Sfihii in ? k H e ^ eedl °g clear Brine, ftopt inverted, and fixt in the manner 
vifible in the Figure ; out of the fide of which Arm proceeded another 
Aim H, with many joynts ; to the end of which was fa fined a deep plain 
Convex glafs I which by means of this Arm could, be moved too and fr/and 
fix inauy pofture On the upper Arm was placed a fmall Lamp K which 
couldbe lo movdupon the end of the Arm , as to be let in a SfEa 
give light through the Ball : By means of this Inftrument duly plidd as is 
te’ CI # Wkh L the ^Iflame of a Lamp may [7 e caft as Vreat 

and convenient a light on the Objeft as it will well indure-and l3 i g 
conftant, and to be had at any time. 1 found dSh SoSvfo^ g 

Objefts I had occ^^^ draW1 ^ the 

ufe cf by 4 e 7 > C 

foch <! Figure as would of 

* ' ^ ^ ** -V large f}h ere ; %, by that 

means. 
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mmfhe longer the Glafi be,the bigger aperture will it bear ,if the Glafes 
be of an equal goodnefi in their kind. Therefore a fix will indurt a 
much larger Aperture then a three foot Glafi ; and a fixty foot Glafi will 
proportionally bear a greater Aperture then a thirty, and will m much ex- 
cel it alfo 06 a fix foot does a three foot, 06 1 have experimentally obfervd 
in ode of that length made by Mr. Richard Reives here at London, 
which will bear an Aperture above three inches over , and yet make 
the Objebt proportionally big and diftinU ; whereas there are very 
few -thirty foot Glafes that will indurean Aperture of more then two in- 
ches over. So that for Telefcopes , fuppofing we had a very ready way 
of making their Objeti Glajfesof exatil) ffherical Surfaces . , we mighty by 
increafing the length of the Glafi, magnifie the Objeti to any ajfignable big- 
nefi. And for performing both thefe , I cannot imagine any way more ea- 

fie, and more exabi, then by this following Engine, by means of which, any 
Glafes,of what length foever,may be feedily made .It feems the mofi eafie, 
becaufe with one and the fame Tool may be with care ground an Objebi 
Glafi, of ary length or breadth requifite, and that with very little or no 
trouble in fitting the Engine , and without much skill in the Grinder , 
It feems to be the mofi exati, for to the very lafi firoh the Glafi does 
regulate and rebtifie the Tool toitsexaft Figure ; and the longer or more 
the Tool and Glafi are wrought together, the moreexabl will both of them 
be (fthe defir d F igure. Further, the motions of the Glafi and Tool do 

fio crofi each other , that there is net one point cf either s Surfacefiut has 
thoufands of crofi motions thwarting it , fo that there can be no kind of 
Tilings or Gutters made either in the Tool or Glafi . 



The contrivance of the Engine is, only to make the ends of two large 
Mandrils fo to move , that the Centers of them may be at any convenient 
liftance afunder , and that the Axis of the Mandrils lying both in the lame 
>lain produc’d, may meet each other in any affignable Angle j both which 
equifites maybe very well perform'd by the Engine defcnbd in the thir 
’igure of the firft Scheme : where A B fignifies the Beam of a Lath hxt per- 
>endscularly or Horizontally, C D the two Poppet heads, fixt at about two 
oot diftance, E F an Iron Mandril, whofe tapering neck F runs in an adapt- 
’d tapering brafs Collar ; the other end E runs on the point of a Screw O ; 
na convenient place of this is faftned H a pnlly Whecl.and tnto theend 
r that comes through the Poppet head C, is (crewed a Ring of a Soil 
blinder K. or fome other conveniently fliap d 1 otii, of what widened i • 
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he thought moft proper for the cize of Clafies , about which it is to beim- 

doVd^As, for Obje&glafles, between twelve foot and an hundred foot 

LJ the ' Ring may be about fix inches over, or indeed fomewhat 
more for thofe longer Giaffes. It would be convenient alfo and not 
very chargeable, to have four or five feveral Tools; as one for all la es 
between an inch and a foot , one for all Glafles between a foot and ten foot 
long another for all between ten and an hundred^ fourth for all between a 
hundred and a thoufand foot long; and if Curiofity fhall ever proceed fo 
far one for all lengths between a thoufand and ten thoufand foot long ; tor 
indeed the principle is fuch, that fuppofing the Mandrils well made,andofa 
good length, and fuppofing great care be ufed in working and pohming 
them,Ifee no reafon, but that a Glafs of a thoufand,nay of ten thoufand foot 
long, may be as well made as one of ten ; for the reafon is the fame, fuppofing 
the Mandrils and Tools be made fufficiently ftrong, to that they cannot 
bend ; and fuppofing the Glafs, out of which they are wrought, be capable 
of fo great a regularity in its parts as to refraftion: this, hoi low Cylinder K 
is to contain the Sand, and by being drove round very quick to and fro by 
means of a fmall Wheel, which may be mov'd with ones foot, frrves to grind 
the Glafi : The other Mandril is fliap’d like this, but it has an even neck in- 
ftead of a taper one, and runs in a Collar, that by the help of a Screw, and a 
joynt made like M in the Figure, it can be ftill adjufrned to the wearing or 
wafting neck : into the end of this Mandril is ferewed a Chock N, on which 
with Cement or Glew is faftned the piece of Glafi Q„ that is to be fbi m*d ; 
the middle of which Glafi is to be plac’d juft on the edge of the Ring, and 
the Lath O P is to befet and fixt ( by means of certain pieces and ferevvs, 
the manner whereof will be fufficiently evidenc’d by the Figure ) in fiich 
an Angle as is requifite to the forming of fuch a Sphere as the Glafi isde- 
fign’d to be of; the geometrical ground of which being fiifficiently plain, 
though not heeded before, I fhall, for brevities fake, pafi over. This laft 
Mandrills to be made ( by means of the former, or fome other Wheel ) to 
run round very fwift alfo, by which two crofi motions the Glafi cannot - 
chufc (if care be us’d ) but be wrought into a moft cxa&Iy fpherical 
Surface. r 

But becaufe we are certain, from the Laws of refraction ( which / 
/ have experimentally found to be fofiy an hfirument I fhall prefently de- 
feribe ) that the lines of die angles of Incidence are proportio- 
nate to the lines of the angles of Refradion, ther fore if Glafi es could 
be made of thofe kind <f Figures, or fome other , fuch as the mofi incompa- 
rable Des Carres has invented, and demonfir ated in his Vhildophicd and 
Mathematical Works, m might hope for a much greater perfetfion of Opticks 
then can kratimally np&ed from [phericalones- for though,^ teris pa- 
nbus, * find that the larger the Tdefcope Object Glafes are, and the 
fioe, thofe cf the Microfcope, the better they magmfie, yet both of them. 
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beftde fitch determinate dimenfms , are by certain inconveniences rendred 
unufeful j for it will be exceeding difficult to make and ma.n3.ge a Tube 
above an hundred foot long, and it will be at difficult to inlighteh an 
ObjeSt left then an hundred part of an inch diftant from the Object Glafi. 

I have not as yet made any attempts of that kind, though I know two or 
three way es, which , as far as I have yet conftdered , feem very probable,and 
may invite me to make a tryal as foon as I have an opportunity , of which I 
may hereafter perhaps acquaint the world. In the Interim , / ffj&Udtfcribe 
the Inftrument I even now mentioiid \ by which the refi action of all kinds 
of Liquors may be mofi exaRly meafurd, thereby to give the curious an 
opportunity cf making what further tryals of that kind they pall think 
requiftte to any of their intended tryals ; and to let them fee that the laws 
cf Refraction are not only notional. 

The Inftrument confifted of five Rulers , or long pieces placed together, 
after the manner expreft in the fccond Figure of the firft Scheme , where 
A B denotes a ftraieht piece of wood about fix foot and two inches long, 
abL ^ee inches over , and an inch and half thick , on the back fide of 
Which was hung afmall plummet by a line ftretcht from top to bottom, by 
which this piece was fet exactly upright,and fo very firmly fixt 5 m the mid- 
dle of this was made a hole or center, into which one end of a hollow cy- 
lindrical brafsBox CC, fafhion’d as I fliall by and by defenbe, wasplac d, 
and could very ealilyand truly be mov'd to and fro j the other end of this 
Box being put into, and moving in, a hole made in afmall arm DU; into 
this box was faftned the long Ruler E F, about three foot and three or four 
inches long, and at three foot from the above mention'd Centers P P was 
a hole E, cut through, and croft’d with two fmall threads, and at the end of 
it was fixt afmall fight G, and on the back fide of Jt/^xta WArmH 
with a Screw to fix it in any place on the Ruler L M ; this Ruler L M was 
mov’d on the Center B (which was exactly three thc 

middle Center P ) and a line drawn through the middle of it LM, was 
divided by a Line of cords into feme fixty degrees,and each degree was fob- 
divided into minutes, fothat putting the croft of the threads in E upon any 
part of this divided line, I ptefcntlv knew what Angle the two RnkjAB 
and E F made with each other, and by turning the Screw in H, I could te 
them in any pofition. The other Ruler alfo R S was made much after the 
fame manner! only it was not fixt to the hollow cylindrical Box, but, by means 
of two fmall braft Armes or Ears, it mov’d on the Centers of it 5 this alfo, 
bv means of the crofs threads in the holeS, and by a Screw in K, could be 
fanned on any divifion of another line of cords of the fame radius drawn on 
N O. And fo by that means, the Angle made by the two Rulers, A B and 
R S was alfo known. The Brafs box CC in the middle was flap d very 
much like the Figure X, that is, it was a cylindrical Box ftopp d clofe at ei- 
“htnd'offof Ihich apart both of the fides and bottomes w» cut out> 
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that the Box,’ when the Pipe and that was joyne d to it, would. tontdn: the 
i l Jew a uur r’u without running over, in- 



Water when fill’d half full, and would tikewifc, without running over, m- 
^ureto be inclin'd to an Angle * equal to that'rif the greateit refi action bf 
Water mid :no liiore^without ilinniiig ovcr. The hitler E r wasnxt very tait 
to the Pipe V, io that the Pipe V directed the length of the FvulerE R aiid 
the Box and Ruler were mov’d on the Pin 7 T, fo as to riiakeany defi- 



tbe Box ana tv.uier were mov-a on me rjn ± iu mam, 

table Angle with the Ruler AB, The. bottom of this PipeV wasftop’d 
with a /mail piece of exactly plain' Clafs., whicli was plac’d exadly per- 
pendicular to the Line of direction, or, Axis of the Ruler E F. The Pins 
alfo T T were drill’d with foiall holes through the Axu^d through thofe 
holes was ftretcht and faftned a fiuall Wire. There was hkewife a fmall 
Pipe oh Tin, 1 oof Jy put on upon the end ofV, and reaching down to the 
fight G j the ufe of which was only to keep any falie Raves of light from 
palling through the bottom of V, and only admitting fuch to paft as pier- 
ced through the fight G ; All things being placed together in the manner 
deferib’d in the Figure ; that is, the Ruler A fe being fixt perpendicular, I 
fiirdthe Box CC with Water, or any other Liquor, whole refraction I in- 
tended to try till the Wire palling through the middle of it were juft co- 
vered : then I moved and fixt the Ruler F E at any affighable Angle, and 
placed the (lathe of a Candle juft againft the fight G $ and looking through 
the fight f, I moved the Ruler R S to and fro, till I perceived the light paft 
fing through G to be covered, as ’twere, or divided by the dark Wire paft 
fing through PP: then turning the Screw i .i fy, I fixt it in that pofture; 
And through the hole S, lobfei ycd what degree and part of it was cut by 
thc crofs threads in S. And this gave me the Angle of Inclination, APS 
anfwenngto the Angle of Reffaftion BPE : iortlie furfaceof the Liquor 
in the Box will be alwayes horizontal , dnd coxifcquently A B will be a 
perpendicular to it 5 the Angle therefore APS will meafure, or be the 
Angle of Inclination in the Liquor ^ next EPB mu ft be thc Angle of Re- 
fraction, foi the Ray that pafles through the fight G, paflesalfo perpendicu- 
larly through the Glafs Diaphragms at F, and confoquently alfo nerpendi- 
cularly through the lower furface of the Liquor contiguous to the Glafs, and 
Eeiefoie fuffersno ref raft ion till it meet with the horizontal furface of the 
Liquor in C C, which is determined by the two Angles. 

By means of thn Inftrument I can witb litdc trouble, and a very 
fmall quantity of any Liquor, examine, moft accurately , the refra&ion 
(f it, not only for one inclination, but for all ; and thereby am indie J 
to make tiery accurate Tables ; feveralcf which Ihave alfoaferimentalh 
made^md find, that Oyl of Turpentine has at nuch greater RtfraSim 
then Spirit of Wine though it be lighter; and that Spirit of Wine 

^MTmf Amth01 ^ though i, be lighter alfo-, butthat 
L er RefraBm then frefh, though it be heavier 

■tier allot aTy? “ Water, though hea, 

lf °' So that * Sm* t° 4* re fraftiort made in a Ltporfk fad- 
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fick gravity U of no efficacy. By this I have alfofoumfltbat lookwhat pro- 
portion the Sine of the Angle of one Inclination has to the Sine of xhe 
Angle ofM^Ckion, correfondent to it, the fame proportion have all 
the Sines cf other Inclinations to the Sines cf their appropriate RffraCf ions. 

My way for meafuringhow much a Glais magnifies an Object, plac d ata 
convenient diftance from my eye, is this. _ Having re&ifi d th eMscrojcope, to 
fee the defil’d Objett through it very diftinftly, at the fame time that I look 
upon the Object through the Glafs with one eye, I look upon other Objefts 
at the fame diftance with my other bare eye; by which means! am able, 
3by the help of a Ruler divided into inches and final} parts, and laid on the 
Pedeftal of the Microfcope, to caft,as it were, the magnifi’d appearance of the 
Objeft upon the Ruler, and thereby exactly to meafure the Diameter it ap- 
pears of through the Glafs, which being compar d with the Diameter it ap- 
pears of to the naked eye , will ealily afford the quantity of its magmfy- 

1 *The Microfcope which for the moft part i madcufe of, was fhap’d much 
like that in the fixth Figure of the firft Scheme, the Tube being for the mdft 
part not above fix or (even inches long,though, by leaion it had tour Draw- 
ers it could very much be lengthened, as occafion required ; this was con- 
triv’d withthree Glafles;a final 1 Objeft Glafs at A,athmner Eye Glafs about 
E and *i very deep one &bout C ; this I made tife of only when I h^d oo 
cafion to fee much of an Object at once; the middle Glafs conveying a 
verv great company of radiating Pencils, which would go another way, and 
throwing them upon the deep Eye Glafs. But when ever I had occahon to 
examine the final! parts of a Body more accurately , I took out .the middle 
Glafs and only made ufe of one Eye Glafs with the Object Glafs, for always 
the fewer the Rcfra&ions are, the more bright and clear the Objedc appears. 
And therefore ’tis not to be doubted , but could we make a Mscrofcope to 
have one only refradion, it would, ceteris paribus, far excel any other that 
had a greater number. And hence it is, that if you take a very clear piece 
of a broken Venice Glafs, and in a Lamp draw it out into very fmall hairs or 
threads, then holding the ends of thefe threads m the flame, til they melt 
and run into a fmall round Globnl, or drop, which will hang at the end of 
the thread ; and if further you ftick feveral of thefe upon the end of a ftick 
with a little fealing Wax, fo as that the threads hand upwaids, and then on 
a Whetftone firft grind off a good part of them, and afterward on a fmooth 
Metal plate, with a little Tripoly, rub them till they come to be very 
fmooth; if one of. thefe be fixt with a little foft Wax agamft a. fmall needle 
hole prick’d through a thin Plate of Brafs, Lead, Pewter, or any other Me^ 
tal and an Objcft, plac'd very near, be look’d at through it, it will both 
magnifie and make fome Objects more diftinft then any oi the great Micro- 
fcopes. But becaufe thefe, though exceeding eafi y niade aie yet ^eiy r 
blefometo be ufd, becaufe of their fmalneft,and the nearnefs of the Ob je , 
therefore to prevent both thefe, and yet have only two Refractions, IpW 
videdmeaTubeof Brafs, fhapd much like that in the fouith Fig « 1C 

firft Scheme b into the fmaller end of this I fixt with Waxagood/>/*» ^ 



The Preface* 



araf. “ 



vex 



M." t0 wards- my eye , then, by means oi rue 
fterl fill’d the intermediate Tpace between thefe t wc 

“tiS and with a Screw fto P P,d «i»i then 



with 

then^by* means of the fmall hole 
■ - - - tw o Glalles 

putting- 



1 tlifthe EVe ' ” ’ccM pSeive^ ObjlS'mow br^htdic. I cbulS 
conveniences, Itnade but obie& ro thc p e deftal moft conve- 

My way A B, ta thefe* R- 

erne o y f The firftieSe,was fixt a fmaltPillar C C, on this was fitted a fmall 

firte’d ’imoa kind df focket F, made iii the’lide of the Brafi Ring O, through 
which the fmall end of the Tube was ferewd ; by means of whmh contri- 
vance I could place and fix the Tube m what pofture : I defir d ( which for 
many Obfervations was exceeding neceftary ) and ad juften it moft exaft y 

f °For plying the Objeft,! made this contrivance ; upon the end of a final! 
brafs Linker StapleHH, I-fofaftncd around, Plate 1 1, .that it might be 
turn’d round upon its Center K, and going pretty ftiff, wmddftand 
fixt in any pofture it wasfet ; on the fide of this was fixt a Imall Pillar P, 
about three quarters of an inch high, and through the top of this was thruft: 
a fmall Iron pin M, whofe top juft ftoo.d over the Center of tlie Plate ; on 
this top I fixt a fmall Objeft, and by means of thefe contrivances I was able 
to turn it into all kind of pofitiom, both to my Eye and the Light ; for by 
moving round the fmall Plate on its center, 1 could move it one way, and by 
turning the Pin M, I could move it another way , and this without ftirring 
the Glafs at all , or at lead: but very little : the Plate like wife I could move 
to and fro to any part of the Pedeftal (which in many cafes was Very con- 
venient) and fix italfo. in any Pofition, by means of a Nut N, which was 
ferew’d on upon the lower part of the Pillar CG. All the other Con- 
trivances are obvious enough from the draught, and will need no defeription 

Now though this were the Infrument I made rrtoft ufe of, yet I have 
made federal other Try als with other kinds of Microfcopes, which both 
for matter and form were very different from common jfberical Qdaffes. 
I have made a Microfcope with one piece of G-lafi, both whofe furfaces 
were plains. I have made another only with a piano concave, without 
any kind of reflection, divers alfo by means of refledion, I have made 

others of Waters, Gums, Refins, Salts, Arfenick, Oyls, and with 
divers other mixtures of watery and oyly Liquors. And indeed the 

fubjeCl is capable of a great variety • but I find generally none more ufe- 
ful then that which is made with two Glaffes, fi/ch as I have already de- 

f cM Wbat 
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What the things are I obfervd ^ the following defcrrptions will manifefi ; 
in brief they were either exceeding fiiiall Bodies, or exceeding (mail 
Pores, or exceeding f mall Motions, fome of each of which the Reader 
will find in the following Notes,and fuch , as Iprefume , ( many of them 
at haft) will be new, and perhaps not left ftrange : Some fpecimen of 
each of which Heads the Reader will find in the fubfequent delineation. s,' 
and indeed of fome more then I was willing there fbould be ; which was 
occasioned by my firfl Intentions to print a much greater number then I 
have fmee found time to compleat. Of fuch therefore as I had, I filed- 
edonly fome few of every Head, which for fome particulars feerndmofioh- 
fervable, rejecting the reft as fuperfluous to the prefent Defign. 

What each cf the delineated Subjects are,tbe following deferiptions an- 
■next to each will inform,of which I fb all here, only once for all, add 7 That 
in divers of them the Gravers have pretty well follow d my direSliom and 
draughts ; and that in making of them, I indeavoured (as far as Iwas 
able ) firfi to difeover the true appearance , and next to maks- a plain re- 
prefentation of it. This I mention the rather, becaufe of thefe kjnd of 

Objefis there is much more difficulty to difeover the true fl.mpe, then of 
ihofeviftbleto the naked eye, the fame Objed feeming quite differing, in 
one pofttion to the Light, from what it really is, and may be difeover d 
in another. And therefore I never began to make any draught before by 
many examinations in fever al lights, and in fever al pofitms to thofe 
lights, I had difeover' d the true form. Tor it is exceeding difficult in 

fome Objects, to diftinguifh between a prominency and a depreffion, 
between a fhadow and a black {tain, ora refteSion and a whitenefs 
in the colour. Befides , the transparency of mofi Objeds renders them 

yet much more difficult then if they were opacous . The Eyes of a Fly in 
one kind of light appear almoft like a Lattice, drill d through with abun - 
danetjf fmall holes ; which probably may be the Reafon, why the Ingeni- 
ous Dr. Power feems to fuppofe them fuch. In the Sunfhine they look 
like a Surface cover’d With golden Nails ; in another pofturefike a Sur- 
face cover'd with Pyramids ; in another with Cones ; and in other po- 
ftutes of quite other fiapes ; but that which exhibits the heft, is the Light 
collefted on the Objed , by thofe means 1 have already deferib'd. 



The PrfJacf. 

And this was undertaken in profecution of the Defign which the ROY- 
AL SOCIETY has propos’d to it felfe For the Members of the Affembly ha- 
ving before their eys fomany fatal Inflames of the errors and falfboodsjn which 
the greateftpart of mankind has fo long wandred, becaufe they rely d upon the 
flrength of humane Reafon alone, have begun anew to cor red all Hy- 
pothefes by fenfe, as Seamen do their dead Reckonings by Cceleftial 
Obfervations;<Wtc> thispurpofe it has been their principal indeavour to en- 
large & ftrengthen the Senfes by Medicin e,and by fuch outward Inftru- 
ments as are proper for their particular works. By this means they find fome 
reafon to fuff ed, that thofe effeCis of Bodies,wbich have been commonly attri- 
buted to Qual it ies, and thofe con fif’d to be occult, are perform'd by the 
^//Machines of Nature, which are; not to be difeern d without thefe helps , 
feeming the mm produCis of Motion, Figure,and Magnitude; and that the 
Natural Textures, which feme call thef laftick faculty, may be made in 
Loo rds,which a greater perfection of Optich may make difeernable by thefe 
Glaffesfo as now they are no mcrepugzled about them, then the vulgar are to 
tonceivefiowT apeftry or fiowred Stuffs are woven. And the ends of all thefe 
Inquiries they intend to be t& Plcafure of Contemp lathe minds , but above 
all,the calc and cli (patch ,of the labours of mens hands. They-do indeed neg- 
led no opportunity to bring all the rare things of Remote Countries within the 
co/Upaf of their knowledge andpradice.But they fill ac knowledg their molt 
ufeful Informations to arife from common things , and from diverfify ing 
their mofi ordinary operations upon them. They domt wholly rejed Experi- 
ments of meer light theory ; but they principally aim at fuch, whofi 
Applications will improve and facilitate theprefentway /Manual Arth 
nd though feme men, who are perhaps taken up about lefi honourable Em- 

&Tf t l are ff ( t0 cm f m pm^dmh theji can jhm more 

^ of. then firfi three years, wherein they have affembkd, then am other 

ociety m Europe can far a much larger /pace of time.’Tis true, fuch un- 
c/ertakpigs at theirs do commonly meet with frmttimouragemtnt becaufi 
mm are generally rather takmwitb the plaafible and difLfive then ft 
red and thefohd part (fPhUofcfhy ; yel hythe good, fortune /their hdt 

the T® inquificive^fey have been afftflJby thi 
contribution ^prefencs/ ^nrnnycftbechufHob&fendQdf 

£ arid 
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and others jvho are fome of the moft considerable in their fever al P rofeffiom. 
But that that yet farther convinces me cf the Real efteem that the more fe- 
rious part of men have of this Society , is, that fever al Merchants , aka who 
aVi in earneftQwhofe Objeft is mourn isnuum^that great Rudder cf humane 
affairsflave adventur'd confiderable fums of Moneys put in practice what 
fome of our Members have contrived, and have continued ftedfaft in their 
good opinions of fuch Indeavours, when not one of a hundred of the vulgar 
have believed their undertakings feafable. And it is alfofit to be added, that 
they have one advantage peculiar to themfelves,that very many cf their num- 
ber are men of Converfe and Traffick % which is a good Omen . , that their 
attempts will bring Philofophy from words to z.&\on feeing the men ofBuft- 
nefi have had fo great a flare in their firft foundation. 

And of this kind I ought not to conceal om particularGcnerohty,which more 
nearly concerns my felf.lt is the munificence cf Sir JohnCutler,?# endowing 
a Lekure for the promotion of Mechanick Arts,to be governed and directed 
bylhi&odevy .T&sBounty I mention for the Honourabl enefs of the thing it 
felfandfor the expettation which I have of the efficacy of the Example -Jot 
it cannot now be objected to themjhat their DefignswiU be efteemed frivolous 
fWvain, when they have fuch a real Teftimony of the Approbation of 
a Man that is fuch an eminent Ornament cf this renowned City , and one , 
who fly f A: Variety, and the happy Succefs, of bis negotiations , has given 
evident proofs, that he is not eafie to be deceiv'd. This Gentleman has well 
obferv'd , that the Arts of life have been too long imprifond in the dark, 
flops ofMechanicks themfelvesjs there hindred from ^ovthpthrby ig- 
norance^ felf inter efl.and he has bravely freed them from theft inconveni- 
ences: He hath not only obliged T radefmenf Trade it felftHe has done a 
work, that is worthy of London, and has taught the chief City of Commerce 
in the world the right way how Commerce is to be improv d. We have already 
feen many other great figns of Liberality and a large mind from the fame 
hand:For by his diligence about ^Corporation for the Poorly his hono- 
rable Subfcriptions for the rebuilding of St. Paul sfiy his chearful Disburf- 
ment for the replanting of Ireland, and by many other fuch pnblick works, 
he has flown by what means he indeavours to eftablifh his Memory y and 
now by this laftgift he has done thatychich became one of the wifeft Citizens 
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of out Nation to acamplifi, feeing one <f the wifeft of our Statelmen,the 

Lord Verulam, fir ft propounded it* . 

But to return to my Subject, from a digreffton, which , Ihope,my Reader 
will pardon me, feeing the Example is fo rare that lean makeno more fuch 
digrefftons. Ifthefe my firft Labours fhallbe my wayes ufefulto inqui- 
rin'? men, / muft attribute the incouragement and promotion of them to a ve- 
ry Reverend ^Learned Perfon, of whom this ought in juftie'eto befaid \ 
That there is fcarce any one Invention, which this Nation has pro- 
duc’d in our Age, but it has fome way or other been fet forward by 
his affiftance. My 'Reader fl belime,will quickly ghefi, that if is Dr. Wil- 
kins that I mean Me is indeed a man born for thegood of mankind, and for 
the honour of hisC ouutry. In the Iweetnefs of whofe behaviour, in the 
calmnefs of his mind ,dtnthe unbounded goodnefs of his heart, we have 
an evident Inftance, what the true and ^ primitive unpaffionace Religi- 
on was, before it was fowred by particular Fa&ions. In a word, his Zeal 
has been fo conftant and effectual in advancing all good and profitable 
Arcs flat as one of the Antient Romans [aid cf Scipio, That he thanked 
God that he was a Roman ; becaufe whereever Scipio had been borra^ 
there had been the feat of the - Empire of thd world * So may I thank. 
God, that Dr. Wilkins was an Englifbman, for whenever he had lived, 
there hadbeen the chief Seat of generous Knowledge and true Phifofor 
phy. To the truth oftbis,ihereanfo many worthy men living that will fuhr 
feribe, that I am confident , what I have here faid, will not be looked upon, 
by ary ingenious Reader , as a ^ Panegyrick,’ but only as >a real teftt- 
monyf - ; '••• - .. 0f j j ■ • ,■ ri 

By the Advice f this Excellent man / firft fet upon this Enterpriflyd 
ftill cameto itwiih much Reludarcy-f eowf 7 was to follow, the footftepsof 
fo eminent a Perfon as Dr. Wren , who was the firft that attempted any 
thing f this nature ; whofe original draughts do now make one f theOrmt- 
ments of that great Collefiion f Rarities in the Kings Clofet. This Ho- 

nor, which his firft beginnings of this kind have receiv'd, to be admitted in- 
to the mofifamousplace f the worldflid not fo much incourage, as the ha- 
zard cf, coming after Dr. Wren did affright me ; for of him Imufl affirm, 
that, jmcethtime if Archimedes, there fcarce ever met in one mart, info 

great 
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great a perfeUion, fuch a Mechanical Hand, and fi Philolophical a 
Mind. 

But at laftfidng affuredboth by Dr. Wilkins./W Dr. Wren himfelf 
that be bad given over hk intentions of profecuting it , and not finding that 
there was any elfe defign'dthepurfuing of it ,lfit upon this undertaking, and 
wa6 not a little inmragd to proceed in it, by the Honour the Royal Society 
was pleas'd to favour mewitbjn approving of tbofe draughts (which from 
time to time as I had an opportunity of deferring) I preferred to them . And 
particularly by the Incitements of divers of tbofe Noble and excellent Per- 
fins of it, which were my more effecial Friends,whb were not left urgent with 
me' fir thepubliffying, then for the profecutm of them. 

After I had almofi compleated thefi PiBures and Obfervaiions ( ha- 
ving had divers of them ingraven , and was ready to fend them to the 
Prefi) I was inform'd , that the Ingenious Phyfitian Dr. Henry Power 
had made fever at Microfcopical Obfervations,which had I not afterwards , 
upon our inter changably viewing each others Papers , found that they . were 
for the mofipart differing from mine, either in the Subject it felf , or m the 
particulars taken notice of ; and that his defign was only to print Obfir - 
vations without PitturesJ had even then fuppreffed whatlhad fi far pro- 
ceeded™. But being further excited byfeveral of my Friends, in comply- 
ancewith their opinions, that it would not be unacceptable to feveralinqui- 
fiiiveMen, and hoping alfo, that 1 fiould thereby difeover fqnething 
New to the World, I have at length caft in my Mite, into the v$7mfa- 
T y of A Phiiofophical Hiftory . And it is my hope, as well as belief ,that 
thefe my Labours will be no more comparable to the Produftions of, many 
other Natural Philofophers, who are now every where bufie ^greater 
thinps • thentm little Obiefts are to be compar'd to the greater arid more 
LftifuWori of Nature, A Flea , a Mite, a Gnat, to anHorfi,m Ele- 
phant, or a Lyon. 
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great a perfection, fuel) a Mechanical Hand, and fo Philofophical a 

Mind* . . ~ . . 

But at lajlfieing affuredbotb by Dr. Wilkins, and Dr. Wien himfelf, 
that he had given over hit intentions of projecting it, and not finding that 
there was any elfe defigndthepurfuing of it,. I jet upon this undertaking, and 
was not a little incouragd toproceedin it, by the Honour the Royal Society 
was pleas'd to favour me withjn approving of tbofe draughts (which from 
time totime as I had an opportunity of deferring} I preferred to them. And 
particularly by the Incitements of divers of thofe Noble and excellent Per- 
sons of it, which were my more efpecial Friends,wbo were not left urgent with 
me for thepublijlnng, then for the profecution of them. 

After I had almoft compleated thefe Pittures and Obfervations ( ha- 
ving had divers of them ingraven , and was ready to fend them to the 
Preftj I was inform'd, that the Ingenious Phyfitian Dr. Henry Power 
had made fever al Microfcopical Obfervaiions,which had l not afterwards, 
upon our inter changably viewing each others Papers , found that they weie 
for the moftpart differing from mine , either in the Subject it felfi , or in the 
particulars taken notice of; and that his defign was only to print Obfer- 
vations without Pictures,! had even then fuppreffed what I had fo far pro - . 
ceededin. But being further excited by feveral of my Friends, in comply- 
ancewith their opinions , that it would not be unacceptable to feveral inqui- 
fitive Men, and hoping dlfo, that I fhould thereby difeover ftmething 
Now to the World, I have at length cajl in my Mite, into the vaft Treafu- 
rycfA Philofophical Hiftory . And it is my hope, as well as belief, that 
thefe my Labours will be no more comp arable to the Productions of .many 
other Natural Philofophers, who are now every where bufie about greater 
things; then my little Objefts are to be compar'd to the greater and more 
beautiful^ orks of Nature, A Flea , a Mite , a Gnat , to an Horfe,an Ele- 
phant, or a Lyon. w 
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M I C R OGRAPHIA, 

OR SOME 

Phyfiological Defcriptions 

MINLITE^ODIES* 

MADE BY 

MAGNIFYING GLASSES; 

WITH 

Observations and 1 n qju hues thereupon. 

— _ 

Obferv . I . Of the Point of, a fharp fmall Needle* 

S ill Geometry , the moft natural way of beginning is Sshcm.i 
from a Mathematical point $ fo is the fame method in 
Oblervations and. Natter al hi for y the moft genuinejitn- 
ple, and inftruftive. We muft firft endevour to make 
letters > and draw Jingle ftrokes true, before we ven- 
ture to write whole Sentences , or to draw large Pi- 
Bures. And in Thy (teal Enquiries, we muft endevour 
, . . t0 follow Nature in the mor e plain and eajie ways file 

treads m the moll ftmp/e and uncompounded bodies , to trace her fteps and 
be acquainted vv ithhei manner of walking there, before we venture our 
felyes into the multitude of meanders fbehasin bodies of a more complies 
l^namrcs left being unable to diftinguiih and judgi of ourway, we 
nuiekly lofp both Nature our Gmde,and mrfdvu too *nd are left to wan- 
der in the Ldyrwth of groundlefs opinions 5 wanting bothfWmratf, that 
and that rftw.wlnehfhould direft our ptdeedings 

We will begin thefe our Inquiries therefore with the Obferanons of 
Bodies of the mo M m pk mtme hrft,and fo gradually proceed to thofe ofa 

profecution of which method, we lhail beein^vith 

eye cannot diftinguifli any parts of it : It verv e-ifil * ar ? s tBat fke naked 

way through all kind of bodies fofterthen itfelfBur^f 1 ^^- 1 ^^ 8 KS 

good^ ej wen,ay fi „ dt ha^fe^^^ 

B fenfe 
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MicrograpHia. 

fenfe very Jharp) appears a broadfihmt, and very irregular end; notrefera- 
bjing a Cone, as is imagin'd, but onely a piece of a tapering body, with a 
great part ofthe top remov’d, or deficient. The Points of Pins are yet 
more blunt, and the Points of the moft curious Mathcmatital Inftruments 
do veryfeldome arrive at.fo great a Iharpnefs ; how much therefore can 
be built upon demonftraticns made onely by the productions of the Ru- 
ler and Gompafies, he will be better able to confider that fliall but view 
thole points and Hues with a Microfiope. 

Now though this point be commonly accounted the fharpeft (whence 
when we would exprefs the Iharpnels of a point the molt fiiperlatrody, we 
lay. As lharp as a Needle) yet the Microfiope can afford us hundreds of In- 
fiances of Points many thoufend times fliarper : fuch as thole ofthe hairs, 
and hrijlles , and claws of multitudes of Infills ; the thorns , or crooks s, or 
hairs of leaves , and other finall vegetables ; nay, the ends of the jiiri<e or 
finall parallelipipeds of Amianthus , and ahtnien plumofitm ; of many of 
which, though the Points are lo lharp as not to be vifible, though view’d 
with a Microfiope (which magnifies the Objeft, in bulk, above a million of 
times) yet I doubt not, but were we able practically to make Microfiopes 
according to the theory of them, we might find hills, and dales, and pores, 
and a lufticient bredth, or expanfion, to give all thofe parts elbow-room, 
even in the blunt top of the veryPcant of any of thefe lb very lharp bodies. 
For certainly the quantity or extenfion of any body may be Divifible in in- 
finitum ^ though perhaps not the matter. 

But to proceed : The Image we have here exhibited in the 
firft Figure, was the top of a finall and very lharp Needle, whole 
point a a neverthelels appear’d through the Microfiope above a 
quarter of an inch broad, not round nor flat , but irregular and un- 
even ; lo that it feem’d to have been big enough to have afforded a 
hundred armed Mites room enough to be rang’d by each other without 
endangering the breaking one anothers necks, by being thruft off on ei- 
therfiae. The lurface of which, though appearing to the naked eye very 
finooth,could not neverthelels hide a multitude of holes and leratches and 
ruggedneffes from being dilcover’d by the Microfiope to inveft it, leveral 
of which inequalities (as A,B,C, feernd holes made by fome Imall Ipceks of 
Rufi ; and D lome adventitious body , that ftuck very dole to it) were ca- 
fital. All the reft that roughen the lurface, were onely fo many marks of 
the rudenelsand bungling of Art. So unaccurate is it, in all its producti- 
ons, even in thole which leem molt neat, that if examin’d with an organ 
more acute then that by which they were made, the more we fee of their 
jhape, the lefs appearance will there be of their beauty: whereas in the 
works of Nature, the deepeft Diiccveries fhew us the g reate ft Excellen- 
cies. An evident Argument, that he that was the Author of all thefe 
things, was no other then Omnipotent ; being able to include as great a va- 
riety of parts and contrivances in the yet fmalleft Difeernable Point, as in 
thole vafter bodies (which comparatively are called alio Points) luch as 
the Earth , Sun , or Planets. Nor need it feem ftrange that the Earth it felf 
may be by an Analogic call’d alEhyfical Point:For as its body,though now 
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fonear us as to fill our eysand fancies with a fenfe of the vaftnefs of it, 
may by a little Diftance, and fome convenient Diminijhing Glalfes, be 
made vanifh into a fcarce vifible Speck, or Point (as I have often 
try’d on the Moon , and (when not too bright) on the Sun it felf.). So, 
could a Mechanical contrivance fuccesfully anfwer our theory, we might 
fee the leaft fpot as big as the Earth it felf ; and Difcover, as Des Cartes Dief eh. 
allb conjectures, as great a variety of bodies in the Moon , or Planets , as in l0 * 5 9. 
the Earth. 

But leaving thefe Dilcoveries to future Induftries, we (hall proceed to 
add one Obfervation more of a point commonly fo call’d, that is, the mark 
of afiiil flop, or period. And for this purpofe I obferved many bothprinted 
ones ana written ; and among multitudes I found few of them more round 
or regular then this which I have delineated in the third figure of the fe- 
cond Scheme, but very many abundantly more disfigur'd , and for the 
moft part if they feem’d equally round to the eye, I found thofe points 
that had been made by a Copper-plate , and Roll-prels, to be as misftiapen 
as thofe which had been made with Types , the moft curious andfitlothly 
engraven firokes an d points, looking but asfo many furrows and holes, and 
their printed imprejfions, but like fimutty daubings on a matt or uneven 
floor with a blunt extinguilht brand or flick’s end. And as for points 
made with a pen they were much more rugged and deformed. Nay,having 
view’d certain pieces of exceeding curious writing of the kind ( one of 
which in the bredth of a two-pence compris’d the lords prayer, the Apojiles 
Creed , the ten Commandments , and about half a dozen verfes befides of the 
Bible, whofe lines were fo final! and near together , that I was unable ta 
number them with my nakgd eye , a very ordinary Microfiope , I had then a- 
bout me, mabled me to fee that what the Writer of it had aflerted was 
true, but WJthall difcover ’d ofwhatpitifull bungling fcribbhs and [crawls 
it was compos d, Arabian and China characters being almoft as well fhan’H a 

yCt th £ S T Ch !. fay ( or tllc . Mai b tha t k was for the moft part keible 

enough, though in feme places there wanted a good fantly well prepoled 
to help one through. If this manner oP final! writing were made LfiUJd 
practicable (and I think I know fuch a one, but hive ne^er yet made 
tryal of it, whereby one might be inabled to write a great deale with much 
eafi and accurately enough in a very little roomed it might be of verv 
good ufe to convey ficret Intelligence without any danger of Difcoverv 
ZT&l ! &^" tt 0 r c0mc to the point. Th zlfregnlaritL of ft 



fi>ag d cloth next the irregularity oftheType or Imravim La • l f 

rough Daubing of the Triniina-Tnk t-Vmr \\1 . §* a °d a third is the 

the impreflion , tolll wtch it ^ 

/(Sit, and A'M and TSav liwlcIT ^ by the “firent 

flay appear much more ttgh then this whirtfn 10 ghelsthata point 
though it appear’d throfi tSeSf Ihav = ptefented, which 
London dirt, about three niches over fit ^5 j ^ reat of 

imduo bigger then . that in the midft ’chi.e Circle A^lXouH tt ve 
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found Room in this Plate to have inserted an O you fhould have feen that 
the letters were not more diftinft then the points of Diftinftion, nor a 
dr a non circle more exactly fo y then we have now fhown a point to be a point. 



Obferv. 1 1. Of the Edge of a Razor. 

T He fharpeft Edge hath the feme kind of affinity to the fharpeft Point 
in Phyucks,as a line hath to a point in Mathematicks $ and therefore 
the Treaty concerning this, may very properly be annexed to the for- 
mer. A Razor doth appear to be a Body of a very neat and curious a- 
{pe£h, till more clofely viewed by the Microjcope , and there we may ob« 
ferve its very Edge to be of all kind of fhapes, except what it fhould be. 
For examining that of a very (harp one, I could not find that any part of 
it had any thing of fharpneis in it } but it appear’d a rough forface of a 
very confiderablebredth from fide to fide, the narrowest part not feem- 
ing thinner then the back of a pretty thick Knife. Nor is’t likely that it 
fhould appear any otherwife, fince as we juft now fhew’dthat a point ap- 
pear’d a circle , tis rational a line fhould be a parallelogram. 

Now for the drawing this fecond Figure(which reprefentsa partofthe 
Edge about half a quarter of an inch long of a Razor well fet) I lb plac’d it 
between the Objeft-glafs & the light.that there appear’d a reflection from 
the very Edge,reprefented by the white line abed ef. In which you may 
perceive it to be fomewhat fharper then elfewhere about d 3 to be indent- 
ed or pitted about b, to be broader and thicker about c, and unequal 
and rugged about e, and pretty even between a b and e f. Nor was that 
part of the Edge g h i k_ fo fmooth as one would imagine fb fmooth bo- 
dies as a Hone and Oyl fhould leave it ; for befides thofe multitudes of 
feratches, which appear to have raz’d the furface g h i A, and to crofs 
each other every way which are not half of them expreft in the Figure, 
there were feveral great and deepfcratches, or furrows, fuch as g h and 
i which made the furface yet more rugged, caus’d perhaps by feme 
fmall Duft cafually falling on the Hone, or fome harder or more flinty 
part of the Hone it felf. The other part of the Razor / /, which is polifhd 
on a grinding-ftone, appear’d much rougher then the other, looking al- 
moft like a plow’d field, with many parallels, ridges, and furrows, and a 
cloddy, as twere, or an uneven forfece : nor fhall we wonder at the 
roughnefles of thofe forfaces , fince even in the moft curious wrought 
Glaflesfor Microfcopes y and other Optical ufes, I have, when the Sun has 
fbone well on them, difeover’d their furface to be varioutly raz’d of 
fcratched, and to confift of an infinite of fmall broken forfaces, which re- 
flect the light of very various and differing colours. And indeed it feems 
impoifible by Art to cut the forface of any hard and brittle body lmcoth, 
fince Futte , or even the moft curious Powder that can be made ufe of, to 
polifh foch a body, muft confift of little hard rough particles, and each of 

them muft cut its way, and confequently leave fome kind -of gutter or 

^ furrows 
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furrow behind it. And though Nature does feem to do it very readily in 
all kinds of fluid bodies , yet perhaps future obfervators may dilcover 
even thefealfo rugged , it being very probable, as I elfewhere fhew, that 
fluid bodies are made up of fmall folid particles varioufly and ftrongly 
mov’d, and may find reafon to think there is fcarce a forface in rerum na - 
tura perfe&ly fmooth. The black foot mn y I ghefs to be fome fmall 
foeck of ruft, for that I have oft obferv’d to be the manner of the working 
of Corrofive Juyces. To conclude, this Edge and piece of a Razor, if it 
had been really fuch as it appear’d through the Microfiope y would fear ce- 
ly have ferv’d to cleave wood, much lefs to have cut off the hair ofbeards, 
unlds it were after the manner that Lucian merrily relates Charon to have 
made ufe of, when with a Carpenters Axe he chop’d off the beard ofa fege 
Philofophcr, whole gravity he very cautioufly fear’d would indangerthe 
overfetting of his Wherry. 



Oblerv. III. Of fine Lam , or Linnen Cloth . 

X His j sanothcr produff of Art, A piece of the fineft Lawri I was able Sdmifi 
■ toget,fo curious that the threads were fcarce difcernable by the na- ***'*' 
kedeye,ahd yet through an ordinary Microjcope you may perceive what 
a goodly piece of coarfi Matting it is 5 what proportionable cords each of 
its threads are, being not unlike, both in lhape and fize, the bigger and 
coarter kind of Jingle Rope-j/arn^whcrcwhh they ufoally make Cables . That 
which makes the Lawn iotranfoarent, is by the Microjcope , nay b v the 
nal “. d 5 *»tf attemiycly viewed, plainly enough evidenced to Bethe 
multitude offqnare holes which are left between the threads, appearing 
to have muchmorchoje inrefpe&ofthe intercurrent parts then is for thf 
moft part left in a Uttke-mxJm, which it does a little refenble, aaelT 

the crofting parts are rohnd and not flat. C y 

r tt r ea i/ S that a c . om P°fe l ^ s fine contexture, though thev are a« 
fmall as thofe that eonftitutethe finer forts of^iUeo • lI ar f. as 

informed both by the Inventor himfelf ,,,4 r.;, i l 1 , e beeh 

that though the flax.out ofwhich it is made has “^ er ^y e '^ ltn effes, 

that excellent Perfon, and 

th eDuie of Norfolk Yo c-uridnflvdr^?. a M ' Cha) ff hert> «rd 3 brother to 
the eve a^d & both 

of colours, as ; well as Sleave-Silk ‘ vet whf>nihf%\l Ud 5 rec . eive aI1 kinds 
threads, it quite lofcth its former fofti ^ kenFlax 13 Swifted into 

a thread to look on, as one of the feme bi&nefi ec j ine i as fkd n and bafo 
Thereafon of which odd^ ZnZet$7 ' mad e of common Flax, 
though the curioufly dreft Flax has its narrsfi! 00 0t jf r tben f W 3 > that 
equalize, if not to bemuchfmallcr then rhe el ^ as to 

cially in thinnefs, yet the differences benvr Silk-worm, efoe- 

C thofe 
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thofe of the Silk, arc pnallyronnd. , hard, tranjparent , and to their bigttels 
proportionably fliff, fo as each filament preferves its proper Figure and 
confequently its vivid reflection intire, though twifted into a thread if 
not too hard 5 thofe of Flax are flat , limber, flfter, and left tranjparent, and 
in twitting into a thread they joyn,andlicfo clofe together, as to lofe their 
own, and deftroy each others particular reflexions.’ There teems there* 
fore three Particulars very requifite to make the fo di-eft Flax appear Silk 
alfo when fpun into threads. Firft, that the lubftance ofitlhouldbe 
made more clear and tranjparent , Flax retaining in it a kind of opacatind 
brown, or yellow , and the parts of the whited kind I have yetobferv’d 
with the Microfcope appearing white, like flaw’d Horn or Glafs, rather 
then clear, like clear Horn or Glafs. Next that, the filaments fhould each 
of them be rounded, if that could be done,which yetis not fo very neeef- 
fary, if the firft be perform’d, and this third, which is, that each of the 
fmall filaments be ftifned ; for though they be fquare, or flat, provided 
they be tranjparent and ftiff, much the fame appearances muft neceflarily 
follow. Now, though I have not yet made trial, yet I doubtnot, but that 
both thefe proprieties may be alfo mduc’d upon the Flax,and perhaps too 
by one and the fame Expedient, which fome trials may quickly inform any 
ingenious attempter of, who from the ufe and profit of fuch an Invention, 
may find fufficient argument to be prompted to fuch Inquiries. As for 
the tenacity of the fubftance of Flax, out of which the thread is made, it 
feems much inferiour to that of Silk, the one being a vegetable , the 
other an animal fubftance. And whether it proceed from the better com 
eoXion, or the more homogeneous conftiturion of animal fubftances 
above thofe of vegetables, I do not here determine , yet ftnee f ge- 
nerally find, that vegetable fubftances do not equalize the tenacity of a»U 
mal, nor thefe the tenacity of fome purified mineral fubftances; f ant 
very apt to think, that the tenacity of bodies does not proceed from the 
hdmons, m hoakpd particles, as the Epicureans, and fome modern Pkilofo -> 
phers have imagin’d 5 but from the more exaX congruity of the confti-i 
tuent parts, which are contiguous to. each other, and fo bulky, as not to 
be eafily feparated, or lhatter’d, by any ftnall pulls or concuftidn of 
heat. 



j Obferv. I V. Of fine mkd Silh^ y or Safety. 

nr m is the appearance of a piece of very fine Taffety-riband in the 
X bigger magnifying Glals, which you fee exhibits it like a- very cord 
venient lubftance to make Bed-matts,or Door-matts of, or to ferve for Bee^ 
hives, Gorn’icuttles, Chairs, or Corn-tubs, it befog hot unlike that kind of 
work, wherewith in many parts in England , they make fuch Utenfils of 
Straw,a little wreathed, and bound together with thongs of Brambles. For 
in this Contexture, each little filament, fiber, or die w of the Silk-worm, 
teem’d about the bignefs of an Ordinary Straw, as appears by the little ir J 

regulaj 
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thofe of the SiU^ are finally ound, hard t tranjparent , and to their bignefs 
proportionably ftijf, fo as each filament preferves its proper Figure, and 
confequently its vivid reflection intire, though twifted into a thread, if 
not too hard 5 thofe of Flax are flat, limber,fi!ftcr , and lefl tranflarent, and 
in twifting into a thread they joyn,and liefo clofe together, as to lofe their 
own, and deftroy each others particular reflections. There ieems there- 
fore three Particulars very requifite to make the fo dreft Flax appear Silk 
alfo when fpun into threads. Firft, that the liibftance of it fhould be 
made more clear md tranjparent, Flax retaining in it a kindofopacating 
brown, or yellow ; and the parts of the whiteft kind I have yet obferv’d 
with the Microfiope appearing white, like flaw’d Horn or Glafs, rather 
then clear, like dear Horn or Glafs. Next that, the filaments fhould each 
of them be rounded, if that could be done,which yet is not fb very necef- 
fary, if the firft be perform’d, and this third, which is, that each of the 
fmall filaments be flifned ; for though they be fquare, or flat, provided 
they be tranfiarent and ftiff, much the fame appearances mu ft neceftarlly 
follow. Now, though I have not yet made trial, yet I doubt not, but that 
both thefe proprieties may be alfo indue d upon the F)ax,an<f perhaps too 
by one and the fame Expedient, which feme trials may quickly inform any 
ingenious attempter of, who from the ufe and profit of fuch an Invention, 
may find fufficient argument to be prompted to fuch Inquiries. As for 
the tenacity of thefobftanceof Flax, out of which the thread is made, it 
feems much inferiour to that of Silk, the one being a vegetable , the 
other an animal fubftance. And whether it proceed from the better con- 
eo&ion, or the more homogeneous conftitution of animal fob fiances 
above thofe of vegetables , I do not here determine, yet fince I ge-< 
nerally find, that vegetable fubftances do not equalize the tenacity of ani± 
mal, nor thefe the tenacity of feme purified mineral fubftances^ l am 
very apt to think, that the tenacity of bodies does not proceed from the 
hdmOHs, or hooked particles, as the Epicureans, and fbme modern Thihfb* 
phers have imagin’d; but from the more exad covgruity of the confti- 
tuent parts, which are contiguous to each other, and fb bulky, as not to 
be eafily feparated, or fhatter’d, by any fmall pulls or eoncuffidn of 
heat.- 
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Obferv. IV. Of fine mled Silk. r or Tafiety. 

His is the appearance of a piece of very fine Taffety-riband in the 
_ bigger magnifying Glafs, which you fee exhibits it like a very conn 
veqient fobftance to make Bed-matts,or Door-matts of, or to ferve for Bee- 
hives, Gom-fcuttles, Chairs, or Corn-tubs, it being not unlike that kind of 
work, wherewith in many parts in England, they make fuch Utenfils of 
Straw, a little wreathed, ana bound together with thongs of Brambles. For 
in this Contexture, eaeh little filament, fiber, or clew of the Silk-worm; 
feem’d about the bignefs ofanbrdinary Straw, as appears by the little ir- : 

regular 
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regular pieces, a £,£•*/, and ef j The Warpjat the thread that rah croffing the 
Riband, appear’d like a Angle Rope of an Inch Diameter 5 but the Woof^ 
or the thread that ran the length of the Riband, appear’d not half lo 
big. Each Inch of fix-peny-kfoad Riband Appearing nodefc then apiece 
of Matting Inch and half thick, and twelve foot fquare 5 a few yards of 
this, would be enough to door the long Gallery of the •' Lom&t 
But to return to our piece of Riband : It affords us a not unpleafant Ob- 
jeft, appearing like a bundle, or wreath, of very dear and transparent 
Cylinders# the Silk be white, and curioafly ting’d j if it be colour a, each 
of thofe final! horney Cylinders affording in feme place or other offoem, 
as vivid a reflexion, as ifit had been font from a Cylinder of Glafs or {form 
In-lb-much, that the reflexions of Red, appear’d as if coming from fo 
many Granates , or Rubies. The lovelinefo of the colows of Silks above 
thofe of hairy Stuffs, or Linnen,confifting ; a$ I elfe-where intimate,chieffy.in 
thetranfparency,and vivid reflections from the Concave-jo. r inner furface 
of the tranffarent Cylinder , as are alfo the colours, of Precious Stones* 
for tnoft of the refleXions from each of thefe Cylinders , come from; the 
Concave furfaceof the air, which is as ’twere the foil that incompaffes the 
Cylinder. The colours with which each of thefe Cylinders ape ting’d,ieeni 
partly to be fuperheial, and Ricking to the out-fides of them ; and partly* 
to be imbib’d, or funck into the fubftance of them ; for Silk, feemipg to 
be little elfe then a dried thread of Glew, may be fuppos’d to be very 
eafily relaxt,and foftened, by being fteeped in warm, nay in cold, jfpepe- 
trantjuyees or liquors. And thereby thofe tinXures, though they tinge 
perhaps but a fmall part ofthe fubftance, yet being fo highly impregnated 
with the colour, as to be almoft black with it, may leave an impfeffion 
ffrong enough to exhibits the defir’d colour. A pretty kinde of 
cia Stuff I have feen, looking almoft like tranfparent Payment, Horn, 
or Ifing-glals, and perhaps feme fuch thing it may be made of, which be- 
ing tranlparent, and of* glutinous nature, and eafily mollified by keep- 
mg in water, as I found upon trial, had imbib'd, and did remain Sd 
with a great variety of very vivid colours, and to the naked ey? it look’d 
very like the fubftance of the Silk. And I have often thought ° that ora 
bably there might be a way found out, to make an artiifcial ghSnous 
compofition, much refembling, if not foil as good, nay better fSw 
Excrement, or whatever other fubftance it beout ofwhich thfsIkwnrS 
wire-draws his clew. If foch a compofition 

ly an eafie -matter to find verv cmiek w^o j,. . r 17 certain- 

wires for ufo. I need not mention the ufe of fuch IE . out ^fo foiall 

nefi, that » likely to accrue to hffoScrAcv be ' 

This hint thercfiie, may. I 
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Obferv. V. Of watered Silks? or Stuffs . 

sthm, j. #TpHere are but few Artificial things that are worth obferviiig with a 
I- J[ Micrefiepc ; and therefore I fhall fpeak but briefly concerning them. 
For the Productions of art are fuch rude mif*fhapen things, that when 
view'd with a Micrpfiope , there is little elfe obfervable,but their deformity. 
The moft curious Carvings appearing no better then thole rude Ruffian 
Images we find mention'd in Purchas, where three notches at the end of a 
Stick, flood for a face. And the moft frnooth and burnifh’d furfaces appear 
moft rough and unpolilht : So that my firft Reafon why I fhall add but a 
few obfervarions of them, is, their mi Whapen form ; and the next, is their 
ufelefsnefi. For why Ihould we trouble our felves in the examination of 
that form orlhape (which is all we are able to reach with a Microfiope) 
which we know was defign’d for no higher a ufe, then what we were able 
to view with our naked eye ? Why Ihould we endeavour to difeover 
myfteries in that which has no inch thing in it > And like Rabbins find out 
Caballifms, and eenigmds in the Figure, and placing of Letters, where no 
fuch thing lies hid : whereas in natural forms there are feme fofmall, and 
lb curious,and their defignd bufinefs fo far remov’d beyond the reach of 
our fight,that the more we magnify the objeX, the more excellencies and 
myfteries do appear. And the more we difeover the imperfe&ions of our 
fenfes, and the Omnipotency and Infinite perfections of the great Crea- 
tour. I fhall therefore onely add one or two Obfervations more of artifi* 
cial things, and then come to the Treaty concerning fuch matters as are 
the Productions of a more curious Workman. One of thefe, fhall be that 
of a piece of water’d Silk, reprefented in the fecond Figure of the third 
Scheme, as it appear’d through the leaft magnifying Glafs. A R. fignifying 
the long way of the Stuff,and C D the broad way. This Stuff, if the right 
fide of it be looked upon, appears to the naked eye, all over fo waved, 
undulated, or grain’d, with a curious, though irregular variety of brigh- 
ter and darker parts, that it adds no fmall gracefolnefs to theGlofsofit. 
It is fo known a propriety, that it needs but little explication, but it is ob- 
fcrvable, which perhaps everyone has not confidered, that thofe parts 
which appear the darker part ofthe wave, in one politionto the light, in 
another appears the lighter, and the contrary ^and by this means the undu- 
lations become tranfient, and in a continual change, according as the po- 
fition of the parts in refpeX of the incident beams of light is varied. The 
reafon of which odd phenomena, to one thathas but diligently examind 
it even with his naked eye, will be obvious enough. But he that obferves 
it with a Microfiope, may more ealily perceive- what this Proteus is, and 
how it comes to change its fhape. He may very eafily perceive, that it 
proceeds onely from the variety of the Reflections of light, which is cans d 
by the various fijape of the Particles, or little protuberant parts of the 

thread that compofe the furfacc ; and that thofe parts of the waves that 

appear 
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appear the brighter ; throw towards the eye a multitude of fmall reflecti- 
ons of light, whereas the darker fca rce a fiord any. The reafon of which 
reflection, the Microfiope plainly difeovers, as appears bv the Figure. In 
which you may perceive, that the brighter parts of the fuiface cOnfift of 
an abundance of large and ftrong refleXions,denoted by a, a y d y a 3 a, &c. 
for the furfaces of thofe threads that run the long way, are by the Mecha- 
nical procefe of watering, creas'd ox angled in another kind of poflure 
then they were by the weaving : for by the weaving they are onely bent 
round the warping threads ; but by the watering, they are bent with an 
angle , or elbow, that is inftead of lying, or being bent round the threads,, 
as in the third Figure, a, a, a , a, a, are about b,b,b (bj>,b reprefenting the 
ends,as ’twere,of the crofs threads, they are bent about) they are creas’d 
on the top of thofe threads, with an angle,, as in the fourth Figure^ and. 
that with all imaginable' variety; fo that, whereas before they reflected 
the light onely from one point of rhe round fur face, as about c, c, <r, they 
now when water’d, refled; the beams from more then half the whole far- 
face,as de,de,de, and in other poftures they return no reflexions at all 
from thofe furfaces. Hence in one poflure they compofe the brighter 
parts of the waves, in another the darker. And thefe reflections arealfo 
varied, according as the particular parts are varioufly bent. The reafon 
of which creafing we fhall next examine ; and here we muft fetch our in- 
formation from the Mechanifm or manner ofproceeding in this operation 5 
which, as I have been inform’d, is no other then this. 

They double all the Stuff that is to be water’d^ that is, they creafe it juft 
through the middle of it, the whole length of the piece, leaving the right 
fide of the Stuff inward, and placing the two edges, or filvages juft upon 
one another, and, as near as they can, place the wale foin rhe doubling ofit 
that the wale of the one fide may lie very, near parallel, or even with the 
wale of the other; for the nearer that pofture they lie, the greater will 
the watering appeal ; and the more obliquely, or acrofs to each other they 
he, the fmaller are the waves. Their way for folding it for a great wale 
is thus : they take a Pin, and begin at one fide of the piece in any wale,and 
fo moving ]t towards the other fide, thereby direft theirhands to the op- 
pofite ends ofthe wale, and then, as near as they can, place the two op- 
pofite ends ofthe fame wale together, and fo double, or fold the whole 

piece, repeating tins enquiry with a Pin at every yard or two s diftahee 

through the whole length ; then they fprinkle it with Water, and fold it the 
g between every fold a piece of Paftboard, by which 
means all the wrong fide of the water’d Stuff becomes flat, and with littfe 
wales, and the wales on the other fide become the more protuberant 
whencethe creafingsor angu lar bendings of the wales become the mo^e 
perfpicuons Having folded it in this manner,they place it with an inter 

^ manifeft 
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Bianifeft to difcern the imprcffions upon thefe wales, left by thdfe that 
were preft upon them, which lying not exactly parallel with them, but a lit- 
tie athwart them , as is denoted by the lines of,* * 0 o y gh. gh.gk between 
which the other wales did lie paralleljthey are fo varioufly^nd irregular- 
ly creas’d that being put into that fliape when wet, and kept fo till they be 
drie, they fo fet each others threads, that the Moldings remain almoft as 
long as the Stuff lafts. 

Hence it may appear to any one that attentively considers the Figure, 
whv the parts of the wale a, a, <*, fhouid appear bright ; and why 

the parts M,M,M=ftould appear fhadowed, or dark; why feme, as 
AJUUUL& fhouid appear partly lighted partly dark : the varieties of 
which reflections and Ihadows are the only caufe of the appearance of wa- 
tering in Silks, or any other kind of Stufls. r . 

From the variety of reflection, may alfo be deduc d the caule why a 
fhiall breez or gale of wind ruffling the furface of a fmooth water, makes 
it appear black; as alfo, on the other fide, why the fmoothing or burmfh* 
ing the furface of whitened Silver makes it look black ; and multitudes of 
other phenomena might hereby be folv’d, which are too many to be here 
infilled on. 



Obferv. VI, Of jmall Gtafs Cmxs* 

T Hat I mieht be fatisfi’d, whether it were not poffibleto make an 
Artificial pore a efmaU as any natural \ had yet found, I made fe- 
veral attemps with foall glaft pipes, melted in the flame of a Lamp, and 
then very liddenfy drawn out into a great length. And, by that meant, 
wkhout much difficulty, I was able to draw feme almoft as fog a a 
cnbweb which yet, with the Microfcope, I could plainly peiceive to be 
terfJaud, both by looking on the end, of it, and by looking on « again} 
S5 4 ’which was much the eajer may to determine whether it were 
folid^or perforated; for, taking afmall pipc ofglafs, and ctofing one 
end ofit theoffllingit balf full otwoxerenihoUmnttagatnJl tie hg^ 
I ccnld, by this means, very eaffly find what was the dgertngofyea of a 
fiS and a perforated piece of elaS; and fo eaffly diftmguift, without 
Sk dtte A whether nmj Cylinder of glaft I look do.., wereajSM 
SoTa kollom cane. And by this means, I could alfo prefentfo judge of 
^ ? r n jcv *t* D *,* olqfi whether it were hollow or not 5 which would 

H looki ”? on,he - end - t? 

™nv fuchUkeSl was foil! . o make ufe rf, n the examining of di- 
3 other 1 particulars related in this Book, which would have been no 
eafie task to have determined meerly by the more common way of loot 
t n „ on or viewing the ObjeCh For, if we contider firft, the very fnut 
lifht wherewhh the obieCt is enlightened, whence many particles ap- 
rear opacous, which when more enlightned, appear very tra ft^ e f^ 
£ l was fa n to by one glafs, and its textm 

by aether Next, th t nnmmgeMwfi o£ noViObjeBs, by icafon 
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of their fmalnefs^ The difficulty of finding the dedted point, and of 

placing it id, as to relied: the light conveniently for the Inquiry, JLadly, 
ones being able to view it but with one eye at once, they will appear no 
(mall cbjirudions, nor are they eafilyremovd without many conirivan ^ 
ccs. But to proceed, I could not find that water, or feme deeply tingd 
liquors would in fmall ones rife fe> high as one would expert 5 and the 
highejl I have found it yet l ife in any of the pipes I have try cl, was to 
21 inches above the level of the Water in the veiled : for though I found 
that in the Imall pipe’s it would nimbly enter ax. fird, and run about 6 or 
7 inches upwards ^ yet I found it then to move upwards Jo Jlorp^ that I 
have not yet had the patience to obferve it above that height of 21 in- 
ches (and that was in a pretty large Pipe, in comparilbn of thofe I for- 
merly mentioned, for I could obferve the progrejs of a very deep ting'd 
liquor in it with my naked eye t without much trouble ; whereas many of 
the other pipes were fo very finally that unlels in a convenient pojiure to the 
light, I could not perceive them :) But fis very probable, that a greater 
patience and offiduity maydifeover the liquors to rffi at lead to remain 
fufpended , at heights that I (hould be loath now even to ghejs at, if at 
lead there be any proportion kept between the height of the afeending 
liquor, and the bignefs of the holes of the pipes. 



An Attempt for the Explication of this Experiment. 

My Conjecture, That the unequal height of the fitrfaces of the water 
proceeded from the greater preffire made upon the water by the Air 
without the Pipes ABC* then by that within themq I (hall, endeavour to 
confirm from the truth of the two following Propofitions : 

The firft of which is, That an unequal prefim of the incumbent Air. 
will cauje an unequal height in the waters Surfaces. ■ 

preJfin. thC fGCOnd *** ^ ** ^ ■ x 2 eriment there h unequal 

That the fird is true, the following Experiment will evince For if 
you takeany Vefie fo contrived, as that you can at pleafur^either ■«- 
creafe 01 dtmmjb the prcjjnre of the Air upon this or that part of the Su- 

SlTb eld "fk ^ ^height of thof^rt^U^ 

(endj be oft-, and that part of the Superficies that fuftains the greater PreP 
fiff will be inferior to that which undergoes the lei's A TP' 

SS&Si r T r ' C r G ¥«uif an one' 

7/ ttk’ ^ iat r ^^ re IS an unequal preffitre. f flail prove fi-nm fV 
That there is a much greater incongruity ofAirtn cLa /£ , m *%, 

then there is of Water to the fame^ ^ other Bodies , , 
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r u„: r fttiabiefs 2 k The difficulty of finding the defired point, and of* 

1 . f. /■ f 0 I'eficCt the light conveniently for the Inquiry, Laftly, 

but Sth «« ^ atoie, they will appear no 
SlS nor are they eafily relovd without many contnva^ 

But to proceed, I could not find that water, or fomc deeply trngd 
liquors would in fmall ones rife fo high as one would expect * and the 
hlhefi I have found it yet rife m any of the pipes I have try d, was to 
2 1 inches above the level of the water m the veflel : for though I found 
that in the fmall pipes it would nimbly enter at firft, and run about 6 or 
7 inches upwards* yet I found it then to move upwards A flmg that I 
have riot yet had the patience to obferve it above that height of a i in- 
ches (and that was in a pretty large ripe, in comparifon of thole I for- 
merly mentioned 5 for I could obierve the prog refs of a very deep tingd 
liquor in it with my nakgd eye, without much trouble, whereas many of 
the other pipes were fo very fmall, that unlefs in a convenient pqjlure to the 
light, I could not perceive them :) But ’tis very probable, that a greater 
patience and ajfiduity may difeover the liquors to rife, at leaf! to remain 
fifpended, at heights that I fhould be loath now even to ghefs at, if at 
leaft there be any proportion kept between the height of the a Icending 
liquor, and the bignefs of the holes of the pipes. 

An Attempt for the Explication of this Experiment. 

My Conjecture, That the unequal height of the fitrfaces of the water , ^ 
proceeded from the greater prefitre made upon the water by the Air f fi.‘ 
without the Pipes ABC, then by that within them', I (hall, endeavour to 
confirm from the truth of the two following Propofitions : 

The firft of which is, That an unequal prefitre of the incumbent Air, 
will caufe an unequal height in the water s Surfaces. • 

And the fecond is. That in this experiment there is fitch an unequal 
prefitre. 

That the firft is true, the following Experiment will evince. For if 
you take any Veflel fo contrived, as that you can at pleafure either in- 
crcafe or diminifi) the prefitre of the Air upon this or that part of the Su- 
perficies of the water, the equality of the height of thole parts will pre- 
lently be lofi * and that part of the Superficies that fuftains th e greater prep 
fitre. will be inferior to that which undergoes the lefs. A fit Veflel for 
this purpole, will be an inverted GU§ Syphon, fuchan one as is deferi- 
bed in the Sixth Figure. For if into it you put Water enough to fill it as 
high as ^ and gently blow in atD, you (hall deprefs the Superficies E, 
and thereby ratfe the oppofite Superficies^? to a conftderable heieht , and 
by gently Jacking you may produce clean contrary effe&s. 

7/ triT* That th / re IS fuch an unec l ual P re Jfitrc, r lhall prove from this, 
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By Congmity, I mean a property of a fluid Body, whereby any part of it 
is readily united with any other parts either of it felf, or of any other Simi- 
lar y fluid or folid body : And by Incongruity a property of a fluids by which 
it is kindred from uniting with any dijJimilar,fluid,or filidBody. 

This laft property,, any one that hath been obfervingly converfant 
about fluid Bodies, cannot be ignorant of. For (not now to mention 
Several Chymical Spirits and Of Is, which will very hardly , if at ail, be 
brought to mix with one another $ infomuch that there may be found 
femes Q£$r or more, feveraldiftinet Liquors, which fwimmwg one up- 
on another', wifi not prefently mix) we need leek no further for Exam- 
ples of this kind in fluids, then to obferve the drops of rain fa Iling through 
the air, and the bubbles of air which are by any means conveyed under 
the' iurfece of the water % or a drop of common Salle t Oyl fwimming upon 
Water. In all which, and many more examples of this kind that might 
be" enumerated, the incongruity of two fluids is eafily difcernable. And 
as for the Congmity ot Incongruity of Liquids, with feveral kinds of firm 
Bodies, they have long fihee been taken notice of, and called by the 
Names of Drinefs and Moiflure (though thele two names are not compre- 
hensive enough, being commonly ufcd to fignifie only the adhering ot 
not adhering of water to feme other folid Bodies')®? this kind we may ob- 
ferve that water will more readily wet fime woods then others ; and that 
water , let fall upon a Feather , the whiter fide of a Colwort, and feme 
other leaves, or upon almoft any dufly, un&uoiu, or refmous fuperficies, 
will not at all adhere to them, but eafily tumble off from" them, like a folid 
Bowl 5 whefeas, ifdropt upon Linnen, Paper , Clay , green tVood, See. it will 
fiot be taken off, without leaving feme part of it behind adhering to them. 
So gsuickfilver-, Which will Very hardly be brought to jiick, to any vegeta- 
ble body , will readily adhere to, and mingle with, feveral clean metalline 
bodies. 

And that we may the better finde What the caufi of Congruitf and 
incongruity in bodies is, it will be requifite to con lid ct, Firft, what is the 
caufi of fluidnefs $ And this, I conceive , to be nothing elfe but a certain 
fulfi or fhake oiheat for Heat being nothing elfe but a very brisk. _and ve- 
hement agitation of the parts of a body (as I have elfwhere made proba- 
bable) the parts of a body are thereby, made fo loofe from one another, 
that they eafily move any 1 way , and become fluid. That I may explain 
this a little by a grols Similitude, let us fuppofeadifh of land let upon 
feme body that is very much agitated, and lhaken With feme quicks and 
jirong vibrating motion, as on a Milflone turn'd round upon the under ftone 
very violently Whilft it is empty^or on a very IfiffPra^-head, which is ve- 
hemently or very nimbly beaten With the Drtimfticks. By this means, 
the land iii the difh, which before lay like a dull and unattlve body, be- 
comes a perfect fluid ; and ye can no foofier make a hole in it with your 
finger, but it is immediately filled up again, and the upper fiirface of it 
leisella. Nor can you bury a light body , as a piece of Cork Under it, but 
it prefently emerges or jfiims as twere on the top 5 nor can you lay a 
heavier on the top of it, as a piece of Lead, but it is immediately buried 
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in Sand!, and (as twere) finks to the bottom. Nor can you make a hole 
in the fide .of the Di lb, but the fend fball run out a? it to a level, not ai¥ 
obvious property of a fluid body, as fetch, but this dos imitate 5 andaft 
this meerly caufed by the vehement agitation of the contenting vefteLj 



other on either inlc ; IN or win it inner any noay to oe veneaw ir, umei 
it be a heavier then it felf. Another Inft.ince of the ft ran ge i&ofinini 
nature of a violent jarring Motion, or a ftrong and nimble vibrativO 
one, we may have from a piece oCnon grated on very ftrongly with fe 
file : for if into that a pin be ferewd fo firm and hard, that though it has, 
a convenient head to it, yet it can by no means be ttnfcreW’d by the fin- 
gers t, if, I fey, you a ttempt to unfcrew this whilft grated on by the file, it 
will be found to undoe and turn very eafily. The firft of thele Examples 
manifefts, how a body actually divided into imall parts, becomes a fluids 
And the latter manifefts by what means the agitation of heat fo eafily 
leofins and unties the parts of folid and firm bodies. Nor need we fiip- 
pofe heat to be any thing elfe, befides fetch a motion 5 for feippofing we 
could Mechanically produce fuch a one^swe^and Jirong enough. We need 
not (pend fuel to melt a body. Now, that! do not fpeak this altogether 
groundless, I muft refer the Reader to the Obfervations I have made up- 
on the filming fpitrks of Steel, for there he lhall find that the fame effects 
are produced upon fmall chips or parcels of Steel by the flame , arid by d 
quick, a!/ d violent motion 4 and if the body of (led may be thus melted 
(as I there Ihew it may) I think we have little reafon to doubt that al- 
moft any other may not alfo. Every Smith can inform one how quickly 
both his File and the Iron grows hot with filing , and if you rub almoft 
any two hard bodies together, they will do the feme : And we knoWy 
that a fufficient degree of heat caules fluidity , in feme bodies much foon- 
er, and in others later $ that is, the parts of the body of feme are fo laofi 
from one another, and Co unapt to cohere, and lb minute and little, that a 
very^Z/degree of agitation keeps them always in the Jiate of fluidity. 
Of this kind, Ifoppofe, the Aitker, that is the medium or fluid-body, in 
which all other bodies do as it were Iwim and move, and particularly 
the Air, which kems nothing elfe but a kind of tinBnre oxfilution of ter* 
reftnaland aqueous particles dfioh’d into it, and agitated by it, juft as 
die Unanre ot Cocheneel is nothing but feme finer dijjbhble parts Of that 
Concrete lick d up or diflolvd by th e fluid water. And from this Notion 
ot it, ive may eafily give a more Intelligible reafon how the Air becomes 
to capable ot Rarefaction and Condenfitwn. For, as in tm&ures.ono orain 
ot Come flrongly fobftance may finflbly colour feme hundred' tho^ 

nft g Af lnS as every drop of it has its proportio- 

and> f 5 T 1 a t1Rgd = as * have try'd both with Logwood 

and Cochemd : And as fome few grains oCsalt is able to*' — 
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perfe and expand it felf into a vafi [pace, if it have room enough, and 
infe&,as it were,every part of that fpace. But, as on the other fide, if there 
be but fame few grains of the liquor, it may extraB all the colour of the 
tinging fubftance, and may dijjolve all the Salt, and thereby become 
much more impregnated with thofe fubftances, fo may all the air that fuf- 
ficed in a rarifyd (late to fill fome hundred tkoufaud fpaces of dither, be 
compris’d in only one, but in a pofition proportionable denfe. And though 
we have not yet found out fuch flrainers for Tinftures and Salts as we 
have for the Air, being yet unable to feparate them from their diflolving 
liquors by any kind of/dre, without precipitation, as we are able to fe- 
parate the Air from the dither by Glafs , and feveral other bodies. And 
though we are yet unable and ignorant of the ways of precipitating Air 
out of the dither as we can Tindhsres, and Saks out of feveral dijjdlvents % 
yet neither of thefe feeming impoffible from the nature of the things, nor 
fo improbable but that fome happy future induftry may find out ways to 
effeft them ; nay, further, fince we find that Nature does really perform 
(though by what means we are not certain) both thefe addons, namely, 
by precipitating the Air in Rain and Dews, and by fupplying the Streams 
and Rivers of the World with frefh water, fram'd through fecret fub- 
terraneoos Caverns : And fince, that in very many other proprieties they 

do fo exa&ly fient of the fame nature 5 till further obfervations or 
tryals do inform us of the contrary , we may fafely enough conclude them of 
the fame kind. For it feldom happens that any two natures have fo ma- 
ny properties coincident or the fame, as I have obferv’d Solutions and 
Air to have, and to be different in the reft. And therefore I think it nei- 
ther impcjjible, irrational , nay nor difficult to be able to predzB what is 
likely to happen in other particulars alfo, befides thofe which Obfervatien 
or Experiment have declared thus or thus} efpecially, if the circuni- 
jlances that do often very much conduce to the variation of the effe&s be 
duly weigh’d and confided d. And indeed, were there not a probability of 
this, our inquiries would be endlefs , our tryals vain , and our greateff in- 
ventions would be nothing but the meer produBs of chance , and not of 
Reafon } and, like Mariners in an Ocean, deftitute both of a Compajs and 
the fight of the Ce/eflialguids, we might indeed, by chance , Steer dire&ly 
towards our defired Port, but ’tis a thoujand to one but we mifs our aim. 
But to proceed, we may hence alfb give a plain reafon, how the Air comes 
to be darkled by clouds, &e. which are nothing but a kind of precipitati- 
on , and how thok precipitations fall down in Sharers. Hence alfo could 
I very eafily, and I think truly, deduce the caufe of the exmows fixangu- 
lar figures of Snow, and the appearances of Haloes , &c. and the ludden 
thieffiling of the Sky with Clouds, and the vamfhing and difipp earing of 
thofe Clouds again s, for all thefe things may be very eafily imitated in a 
glafs of liquor, with fome flight Chymical preparations as I have often try'd, 
and may fomewhereelfe more largely relate, buthavenot now time to 
fet them down. But to proceed, there are other bodies that confift of 
particles more Grofs, and of a more apt figure for cohefton , and this re-- 
xpaixts a fitmewhat greater agKauouh fuch, I fuppofe fermented vinous- 

spirit r 
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soirits feveral Chymical Oiffi which are much of kin to thofe Spirits, 
Others vet require a greater, as water, and fo others much greater, foi l- 
mofi infinite degrees f For, 1 fuppofe there are very few bodies in the 
w orld that may not be made ahqnatenus fluid, by fome or other degree of 

a ^Having 0 herefor e in fhort fet down my Notion of a Fluid body I come 
in the next place to confider what C ongruity is 5 and this, as I fold before, 
being a Relative property of a fluid, whereby it may be fold to be Itffi or 
unlike to this or that other body, whereby it does or does not mix with 
this or that body. We will again have recourfe to our former Experi- 
ment, though b ut a rude one } and here if we m ix in the diih feveral ffindt 
of lands, feme of bigger, others of kfi and finer bulks, we fhail find that 
by the agitation the fine find will cJeB and throw out of it felf all thofe 
bigger bulks of final! fanes and the like, and thofe will be gathered toge- 
ther all into one place 5 and if there be other bodies in it of other natures* 
thofe alfo will hefeparatcd'mto a place by themfelves,and united ox tum- 
bled up together. And though this do not come up to the bighefi proper- 
ty of Congruity, which is a Cohffton of the parts of the fluid together, or 
a kind of attraBion and tenacity , yet this does as Were jhadoxm it out* 
and lomewhat referable it} for juft after the feme manner* I fuppofe 
the j?*#eof heat to agitate the finall parcels of matter, and thofe that are 
of a liffi bignefi, and figure, and matter, will hold, or dance together, and 
thofe which are of a differing kind will be thrujl or jhovd out from be- 
tween them 5 for particles that are all ftmilar, will, like fo many equal 
mufical firings equally firetcht , vibrate together in a kind of Harmony or 
nnifin 5 whereas others that are dijjlmilar , upon what account fbever,un-* 
left the difproportion be otherwife counter-ballanc’d, Will, like fo many 
firings out of tune to thofe unifons, though they ha ve the feme agitating 
pulfe, yet make quite differing kinds of vibrations and repercujfions, lb that 
though they may be both mov'd, yet are their vibrations to different, and 
fo untun’d, as twere to each other, that they crofs and jar againft each 
other, and conferjuently, cannot agree together, but fly bacf^ from each 
other to their fimilar particles. Now, to give you an inftance how the 
difproportion of fome bodies in one refpeft, may be count er-ballancd by 
a contrary difproportion of the fame body in another refpedt, whence We 
find that the fubtil vinous jpirit is congruous, or does readily mix with wa- 
ter, which in many properties is of a very differing nature, we may con- 
fider that a unifon may be made either by two firings of the fame W/J. 
length, and tenfion, or by two firings of the fame bignefi but of differin'? 

b two firings of unequal 
length and hgnefi, and of a differing tenfion, or of equal length, and diffe- 
ring bignefs and tenfion, and ieveral other fuch varieties. To which three 
properties m firings, wall correfpond three proprieties alfo \njffiid, or the 
particles of bodies, theix Matter or Subfiance, their Figure or shape and 
their Body or Buffi And from the varieties of thefe three, may arife m* 

Native m?tioV n And^ 1 ^ tho , u g h a11 ^itated by th ejfiw Julfe orvH 
native motion. And there may be as many ways of making Harmonies 
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and Difeords with thefe, as there may be with muflcal firings. Having 
therefore feen what is the caufe of Gongruity or Incongruity, thofe rela- 
tive properties of fluids, we may, from what has been faid, very eafily 
coll eft, what is the reafon of thofe Relative proprieties alfo between flu- 
id bodies Sind folicl 5 for face all bodies confift of particles of fuch a Sub- 
fiance , Figure , and Bulky but in feme they are united together more^rn- 
ly then to be hofined from each other by every vibrative motion (though 
I imagine that there is nobody in the world, but that feme degree of a- 
gitation may, as I hinted before, agitate and loofen the particles fo as to 
make them fluid) thofe cohering particles may vibrate in the feme man- 
ner aim oft as thofe that are toofc and become uni fins or difiords , as I 
may fb {peak, to them. Now that the parts of all bodies , though never 
lb folid , do yet vibrate , I think we need go no fnrther for proof^ then 
that ^bodies have feme degrees of beat in them, and that there has not 
been yet found any thmgperfdlly cold : Nor can I believe indeed that there 
is any fuch thing in Nature, as a body whole particles are at reft, or lazy 
and unaffive in the great Theatre of the World , it being quite contrary to 
the grand o economy of the liniverfe. VVe fee therefore what is the rea- 
fon of th efympathy or uniting of fome bodies together, and of the anti- 
fatly or flight of others from each other : For Congruity feems nothing 
elfe but a Sympathy , and Incongruity an Antipathy of bodies ; hence Jtnti- 
lar bodies once united will not eajilypart, and dijftmilar bodies once dif- 
joynd will not eafily smite again 5 from hence may be very eafily deduc’d 
the reafon of thejiifpenfion of water and gnickrflher above their ufual fixa- 
tion , as I {hall more at large anon fhew. 

Thefe properties therefore (alwayes the concomitants of fluid bodies) 
produce thefe following vifible Effects : 

Flrft, They unite the parts of a fluid to it similar Solid, or keep them 
fiparate from its dijftmilar. Hence guick^fllver will (as we noted before) 
sticky to Gold , Silver , Tin, Leddfkc. and unite with them : but rottl off from 
Woods Stone , Glafs, 6<c. if never fo little feituated out of its horizontal le- 
vel^ and water that will wet fait and diffbhje it, will flip off from Tallow , 
or the like, without at all adhering j as it may likewife be obferved to 
do upon a dufly fuperficies. And next they caufe the parts of homogene - 
al fluid bodies readily to adhere together and mix, and of heterogenealyo 
be exceeding averfe thereunto. Hence we find, that two fmall drops of 
water, on any fuperficies they can roul on, will, if they chance to touch 
each other, readily unite and mix into one 3 d drop : The like may beob- 
ferved with two fmall Bowls of guiefflher upon a Table or Glafs, pro- 
vided their furfaces be not dyfty 5 and with two drops of Oyl upon fair 
water, (flc. And further, water put unto wine, fait water , vinegar , fpirit 
of wine, or the like, does immediately (especially if they be fhaken to- 
gether) difierfc it felf all over them. Hence, on the contrary, we alfo 
find, that Oyl of Tartar poured upon gnickzflver, and Spirit of Wine on 
that Oyl, and Oyl of Turpentine on that Spirit , and Air upon that Oj^though 
they beftopt clofely up into a Bottle, and fhaken never fo much, they 
will by no means long foffer any of their bigger parts to be united or in- 
cluded 
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eluded: within any of the other Iiquors(by which recked 1 Lrqifor%may bfl 
plainly enough reprefented the four Ferifatetical Elements, and) the more 
fubtil Jither above all.) Fromthisproperty’tis,tkrt a drop of water does 
not mingle with, or vanifli into Air, but is driven (by that Fluid etj&atPjr 
protruding it' cm every fide) and fore t into as little a fpace as it cart poP 
fibly be contained in, namely, into a Round) Globule. So likewife a lit* 1 
tie Air blown under rhe water, is united or thruft into a* bubble by the 
ambient water. And a parcel cf gmcfifllver enclofed with Air, Water ' 
or almoftany other Liquor, formed into a round Ball. 

Now the caufe why all thefe included Fluids, newly mentioned} or as 
many others as are wholly included within a heterogeneous Md, are 
not exa&ly of a spherical Figure (feeing that if eaufed by thefe Principles 
only, it could be of no other) mu ft proceed from feme other kind of 
prejfure againft the two oppofite flatted fides. This adventitious- or 'atie& 
dental prepare may proceed from divers confer, and accordingly Shaft di- 
verjifie the Figure of the included heterogeneous fluid : ; For feeing that a 
body may be included either with a flufoenly, or only with a folid , or 
partly wirh a fluid, and partly with a folid, or partly with one fluid, and 
partly with another 5 there will be found a wry great variety of the ter- 
minating furfaces , much differing from a- spherical ■, according to the v-art- 1 
ous refinance or prefluve that belongs to each of thefe encompafiing bo- 
dies. 

Which Properties may in general be deduced from two heads , t>i%. 
Motion, and Rdl. For, either this Globular Figut-eis altered by a 'natu- 
ral Motion, fuch as is Gravity or a violent, fitch a sis any accidental motion. 
of the fluids, as we fee in the wind rutfling up the water, and the purlings 
of Streams, and foaming of Cat arrays, and the like. Or thirdly, By the 
Reft, Firmnefs and Stability of the ambient Solid. For if the including 
Solidbe of an angular or any other irregular Form, the ineJwded/a/W-wilF 
be near of the life, as a PmyPot foil ot water, or a Bladder full of Air. And 
next, if the including or included fluid have a greater gravity one than 
another, then will the globular Form be depreft into an ElliptiooflphericaF- 
As if, for example, we fuppofethe Circle A B c D, in the fourth Fimre 
to represent a drop of Water, gnicffiher, or the like, included with the 
Air or the like which fuppoimg there were no gravity at all in either of 
the fluids, or that the contained and containing were of the fdmeweioht 
would be equally comprdt into an exaftly fphericalbody ( /he ambient 
fluid forcing equally againft every fide of it.) But fuppofag either a 
^^mtheinclUded, by reafon whereof the parts it being 
prefifrom ^ towards B, and thereby the whole put into motion a 2 f 
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the motion upwards , the fide A will be deprefi to E, and therefore t being 
thruft to G and D to the globular Figure by this means alfo will be 
made an Elliptico-jpherical. Next if a fluid be includedpart/y with one, 
and partly with another fluid, it will be found to be lhaped diverfiy , ao 
cording to the proportion of the gravity and incongruity of the 3 fluids 
one to another : As in the fecond Figure , let tile upper M MM be ^/> 3 the 
middle L M N 0 be common Oyl, the lower OOO be Water , the Oyl 
will be form’d, not into a Jpkerical Figure, fuchas isreprefented by the 
prickgd Line, but into fuch a Figure as LM N O, whole fide L M N 
will be of a flatter Elliptical Figure, by reafon of the great difproportion 
between the Gravity of Oyl and Air, and the fide L O M of a rounder, 
becaufoof thelmaller difference between the weight of Oyl and Water. 
Laftly,Th t globular Figure willbechanged,if the ambient be partly fluid 
and partly Jblid. And here the termination of the incompafled fluid to* 
wards the incompafling is lhap’d according to the proportion of the con- 
gruity or incongruity of the fluids to the Jbiids , and of the gravity and 
incongruity of the fluids one to another. Asfuppofethe fubjacent me* 
dium that hinders an included fluids defcent,be a Jblid , as let K. I, in the 
fourth Figure , reprefent the fmooth luperficies of a Table t, E G F H, a 
parcel of running Mercury ; the fide G F H will be more flatted , ac* 
cording to the proportion of the incongruity of the Mercury and Air to 
the Woodland of the gravity of Mercury and Air one to another ; The fide 
G E H will likewife be a little more depreft by reafon the fobjacent 
parts are now at reft, which were before in motion. 

Or further in the third Figure, let A IL D reprefont an including fo- 
lid medium of a cylindrical Ihape ( as fuppofc a fmall Clafs Jar ) Let 
FGE MM reprefent a contain’d fluid , as water } this towards the bot- 
tom and fides, is figured according to the concavity of the Glafs : But its 
upper Surface , ( which by reafon of its gravity, ( not confidering at all 
the Air above it, and fo neither the congruity or incongruity of either of 
them to the Glafs) fhould be terminated by part of a sphere whofe dia- 
meter fhould be the fame with that of the earth, which to our fenfe would 
appear a ftraight Line, as F G E, Or which by reafon of its having a 
greater congruity to Glafs than Air has, ( not confidering its Gravity ) 
would be thruft into a concave Sphere , as CHS, whofe diameter would 
be the fame With that of the concavity of the Veflel : ) Its upper Surface, 
I fay, by reafon of its haying a greater gravity then the Air, and having 
likewife a greater congruity to Glals then the Air has, is terminated, by a 
concave Elfipticojpherical Figure, as C K B. For by its congruity it cafily 
conforms it felf, and adheres to the Glafs, and conftitutes as it were one 
containing body with it, and therefore fhould thruft the contained Air on 
that fide it touches it, into a Jpherical Figure, as B H C, but the motion of 
Gravity deprefling a little the Corners B and C, reduces it into the afbre- 
faid Figure C K B. Now that it is the greater congruity of one of the 
two contiguous fluids, then of the other ,to the containing folidyhzt caules 
the feparating for faces to be thus or thus figured : And that it is not be* 

caufe this or that figurated forface is more proper, natural, or peculiar to 

one 
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one of thefe fluid bodies, then to the other, will appear from this ; that the 
fame fluids will by being put into differing^/^ , change theiv fitrfaces.. 
For the fame water, which in a Glals or wooden Veflel will have a can* 
cave forface upwards,and will rile higher in a fmaller theu a greater Pipe, 
the lame water. May, in the lame Pipes greafed over oroyled, will pro- 
duce quite contrary effefts 5 for it will have a protuberant and convex (nvr 
face upwards, and will not rife fo high in Imall, as in bigger Pipes : Nay], 
in the very fame folid Veflel , you may make the . very fame two contigu- 
ous Liquids '.to alter their Surfaces ; for taking a Imall Wine-gk£,or fuch 
like Veflel, aiid pouring water gently into it, you lhall perceive the fur- 
face of the water all the way concave , till it rife even with the top, when 
you lhall find it (f if you gently and carefully pour in more) to grow 
Very protuberant and convex $ the reafon of which is plaifi , for that the 
folid fides of the containing body are no longer extended , to which the 
water does more readily adhere then the air 5 but it is henceforth to be 
included with air, which would reduce it into a hemjphere , but by reafon 
of its gravity , it is flatted into an Oval, Quicksilver alfo which to Glafs 
is more incongruous then Air ( and thereby being put into a Glafs -pip 
will not adhere to it, but by the more congruous air will be forced to have 
avery protuberant forface, and to rile higher in a greater then a lefler 
Pipe ) this Quicksilver to clean Metal, efpecially to Gold,Silver,Tin.Lead; 
Stc. Iron excepted, is more congruous then Air , and will not only flick to 
it,buthavea concave Surface like water, and rife higher in a lels, thenina 
greater Pipe. 

In all thefe Examples it is evident , that there isan extra ordinary and 
adventitious force , by which the globular Figure of the contained hetero- 
geneous fluid is altered $ neither can it be imagined, how it fhould other- 
wife be of any other Figure then Globular : Fox being bv the hetcroaene- 
OHS fluid equa ly protruded every way,whatfoever pan% protuberant, will 
be thereby deprefi. From this caufe it is, that in its eflefts it does very 
much referable a round spring ( foeh as a Hoop.) For as in a round spring 

W % r . equired an a< y it] onal prefiure againit two oppofite lides , tore- 
duceit mto an Oval Form or to force it in between L fide^f^ * 
whofe Diameter is Jefs then that of the Spring, there muft bed confidera- 

* 4 * other fides. 

byexpetiment I find in general tint- thr" CM ate ^ ’ 'bite thus much 
prelmre to * 7 ? a ^ reater 

holes. The ncceffity and reafon li ^ ^ ! n£o 
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r r UUIIU true 5 _it Experiment be made with a 
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round spring ( the way of making which trials h obvious enough. ) And 
with the fluid bodies of Mercury, Air , &c, the way of trying which, will 
be fomewhat more difficult $ and therefore I (hall in brief defcribe it. He 
therefore that would try with Air , muft firft be provided of a Glafi-pipe, 
made of thefhape of that in the fifth Figure , whereof the fide A B, re* 
prefents a ftraight Tube of about three foot long, C,reprefents another 
part of it, which confifts of a round Bubble ; lb ordered, that there is left a 
pajjdge or hole at the top , into which may be faftened with cement feveral 
"" " ~ r determinate cylindrical cavities : as let the hollow of 





2 

1 

3 * 







There may be added as many more , as the Experimenter fhall think fit, 
with holes continually decreafing by known quantities, fo far as his fenfes 
are able to help him *, I fay, fb far, becaufe there may be made Pipes lb 
imall that it will be impoffible to perceive the perforation with ones na- 
ked eye, though by the help of a Microfcope, it may eaiily enough be per- 
ceived ; Nay, I have made a Pipe perforated from end to end, fb fmall, 
that with my naked eye I could very hardly fee the body of it, inlbmnch 
that I have been able to knit it up into a knot without breaking : And 
more accurately examining one with my Microfcope , I found it not fo big 
as a fixteenth part of one of the fmaller hairs of my head which was of 
the fmaller and finer fort of hair, fo that fixteen of thefe Pipes bound fag- 
got-wife together, would but have equalized one fingle hair j how fmall 
therefore muft its perforation be ? It appearing to me through the Micro- 
Jcope to be a proportionably thicffided Pipe. 

To proceed then, for the trial of the Experiment , the Experimenter 
muft place the lube A B, perpendicular, and fill the Pipe F ( cemented in- 
to the hole E ) with water, but leave the bubble C full of Air, and then 
gently pouring in water into the Pipe A B, he muft obferve diligently 
how high the water will rife in it before it protrude the bubble of Air C, 
through the narrow paflage of F, and denote exactly the height of the 
Cylinder of water, then cementing in a fecond Pipe as G, and filling it 
with water he may proceed as with the former , denoting likewife the 
height of the Cylinder of water, able to protrude the bubble C through 
the paffage of G, the like may he do with the next Pipe, and the next^c. 
as far as he is able: then comparing the feveral heights of the Cylinders, 
with the feveral holes through which each Cylinder did force the dir Ch a * 
ving due regard to the Cylinders of water in the Imall Tubes) it will be 
very eafie to determine, what force is requifite to prefs the Air in- 
to fuch and fuch* hole, or (to apply it to ourprefent experiment ) 
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how much of the preflure of the Air is taken off By its^ingrefs into final- 
Ktailer holes . From the application of whtch to theentn^ of 
£” r into the bigger hole of the*#/, and into the fmallei :hole of the 
Pipe we thall clearly find, that there is a greater preffure of the air upon 
the water in the Vejjel or greater then there is upon that in the letter 
pipe: For fincethe preflure of the air every way is found to be equal, 
that is as much as is able to prefs up and fuftain a Cylinder of Quicksilver 
of two foot and a half high, or thereabouts $ And fince of this preflure 
fo many more degrees are required to force the Air into a fmaller then 
into a greater hole that is full of a more congruous fluid* And laftly, 
fince thofe degrees that are requifite to prefs it in, are thereby taken off 
from the An within , and the Air within left with fo many degrees of 
preflure left then the Air without j it will follow, that the Air in the lefs 
Tube or pipe , will have lels preflure againft the fuperficies of the water 
therein, then the Air in the bigger : which was the minor Propofition to 
be proved. 

The Conclulion therefore will neeeflarily follow, viz. That this une- 
qual pre fine of the Air canfed by its ingrefi into unequal holes , is a cauje jhjfi- 
cient to produce this ejfelt , without the help of any other concurrent , and 
therefore is probably the principal (if not the only) caufe of thefe Pheno- 



mena. 



This therefore being thus explained , there will be divers Phenomena 
explicable thereby, as, the riling of Liquors in a F litre , the riling of Spirit 
of Wine, Oyl, melted Tallow , &c. in the Week, of a lamp, ( though made 
of Imall Wire, Threeds of Asbefius , Strings of Glafi , or the like ) the fifing 
of Liquors in a Spunge, piece of Bread,Sand , &c. perhaps alio the afeend- 
ingofthe Sap in Trees and Plants, through their Imall, and feme of them 
imperceptible pores, (of which I have faid more, on another occafion ) at 
leaf! the palling of it out of rhe earth into their roots. And indeed up- 
on the confideration of this Principle, multitudes of other ufesofitoc- 
currd tome, which I have not yet fo well examined and digefted as to 
propound for Axioms , but only as Queries andConjefJures which mav 
verve as hints toward feme further difioveries, 3 

_ As firft, Upon the confideration of the congruity and incongruity of Bo- 
dies,asvo touch, I found alfo the like congruity and incongruity (if I mav 
fo freak ) as to the Tranfmining of the Rates of Light : For as in this re- 
gard^r ( not now to mention other Liquors ) feems nearer of affini- 
ty to Obfs then ,4ft, and Air then Quicksilver ; whence an oblique Rafont 
of Glafi, ml\ pafs into water with very little rffrattion from \Lperpendt 
tular, but none out of Glafs into Air, excepting a dife^, will palfwfthout 
a vcj y great refraction from the perpendicular, nay any oblique Rav nn 
der thirty degrees, will not beadmitred into the Air at’all Add HLT 

fiber will neither aclmitoblinnrnr l ,, L ^ An . 
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more congruous to Glafs then Air , and Air then Quickfilver, 

A Second thing ( which was hinted to me, by the coniideration of the 
included fluids globular fora) , caufed by the protrufion of the ambient 
heterogeneous fluid ) was, whether the Th&wmena. of gravity might not 
by this means be ex plained, by fuppofing the Globe of Earth, Water, and 
Air to be included with a fluid , heterogeneous to all and each of them, 
fo liibtil , as not only to be every where interjperfcd through the Air, ("or 
rather the air through it ) but to pervade the bodies of Glafs , and even 
the clojejl Metals , by which means it may endeavour to detrude all earth- 
ly bodies as far from it as it can 5 and partly thereby, and partly by other 
of its properties may move them towards the Center of the Earth. Now 
that there is fome fuch fluid, I could produce many Experiments and Rea- 
fons , that do feem to prove it : But becaufe it would ask fome time and 
room to fet them down and explain them, and to conlider and anfwer all 
the Objections ( many whereof I forelee ) that may be alledged againft 
it j I fhall atprefent proceed to other contenting my lelf to have 

here only given a hint of what I may lay more elfwhere. 

A Third g^ttery then was , Whether the heterogeneity of the ambient 
fluid may not be accounted a fecondary caufe of the roundnefl or globular 
format the greater bodies of the world, luch as are thofe of th e Sum, S tars, 
and Planets , the Jubflance of each of which leems altogether heterogene- 
ous to the tircum-ambient fluid either > And of this I fhall fay more in the 
Obfervation of the Moon. 

A Fburth was, -Whether the globular form of the fm abler parcels of 
matter here upon the Earth, as that of Fruits , Pebbles , or Flints , &c, 
( which feem to have been a liquor at firft ) may not be caufed by the 
heterogeneous ambient fluid. For thus we fee that melted Glafs will be 
naturally formed into a round Figure , fo likewife any Imal 1 Parcel of any 
flijiblc body , if it be perfectly enclofed by the Air , will be driven into a 
globular Form ; and,whencold, will be found a folid Ball. This is plainly 
enough manifefted to us by their way of making Jhot with the drops of 
Lead , which being a very pretty curiofity^nd known but to a very few, 
and having the liberty of publifhing it granted me, by that Eminent Vir- 
tuofo Sir Robert Moray , who brought in this Account of it to the Royal So- 
ciety, 1 ha ve here tranferibed and inferred. 

To make fmall flhot of different fizes ; Communicated by his 
Highnefe P. R. 

T Ake Lead out of the Pigwbat quantity you pleafe, melt it down , 
ftir and clear it with an iron Ladle , gathering together the 
blachjjh parts that fwim at top like feum , and when you fee the co- 
lour of the dear Lead to begreedjh,but nofimr,ftrew upon it Auri- 

pig men turn 
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pigmentum powdered according to the quantity of Lend, about da 
much ds will lye upon a half Crown piece will ferve for eighteen or 
twenty pound weight of fome forts of Lead ; other swill require more, or 
left. After the Auripigmentum is put in , ftir the Lead Well, and the 
Auripigmentum will fame: when the flame hover, take out fome 
cf the Lead in a Ladle having a lip or notch in the brim for conveni- 
ent pouring out of the Lead,and being well warmed amongft the melted 
Lead, and with a flick make fome fmgle drops of Lead trickle out cf 
the Ladle into water in a Glafs , which if they fall to he round and 
without tails, there h Auripigmentum enough put in, and the temper 
cf the heat h right, otherwife put in more. Then lay two bars of Iron 

( or fome more proper Iron-tod made on purpofe ) upon a Pail of wa- 
ter, and place upon them a round Plate of Copper, cf the fize and figure 
cf an ordinary large Pewter or Silver Trencher, the hollow whereof is to 
he about three inches over , the bottom lower then the brims about half 
an inch, pierced with thirty, forty, or more fmall holes ; the fmaller the 
holes are , the fmaller the Jlaot will be-, and the brim is to be thicker then 
thebottom,to conferve the heat the better. 

The bottom of the Trencher being fome four inches diftant frum the 
water in the ? atljayupon it fome burning Coles,to keep the Lead melt- 
ed upon it. Thenwith the hot Ladle take Lead of the Pot where it 
ftands melted, and pour it foftly upon the burning Coles over the bottom 
<f the Trencher , and it will immediately run through the holes into the 
water in fmall round drops. Thus pour on new Lead ftill as faft as 

it runs through the Trencher till all be done ; blowing now and then' 
the Coles with hand-Bellows , when the Lead in the Trencher cools fo as 
to flop from running. 

Wbil(l one fours on the LeaJ, another muft, whk another Ladle, 
tbrujled four or fiveinches under nater inthe Pail , catch fromtime 
to time fome eftbefbotju it drofs dorn , to fee the fizeef it , and whether 
there, be any faults in it. The greatefl care is to keep the Lead upon 
theTrencher m the right degree cf heat; if it be too cool , itwiUnol 
run through the Trencher, though itjland melted upon it ; andthh is to 
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peel oy aiming the Coals a little , or pouring on new Lead that is 
hotter: but the cooler the Leadflhe larger the Shot ; and the hotter, the 
[mailer ; when it is too hot , the drops will crack and fly ; then you 
mufi flop pouring on new Leadymd let it cool; and folong as you ob- 
ferve the right temper of the heat, the Lead will confiantly drop into very 
round Shot, without fo much as one with a tail in many pounds. 

When all is done, take your Shot out of the Pail of water , and put it 
in a Frying-pan over the fire to dry them , which mufi be done warily , 
fiill [baking them that they melt not ; and when they are dry you may 
feparatethe f mall from the great , in Pearl Sives made of Copper or 
Lattin let into one another , into as many fiz.es as you pleafe. But if 
you would have your Shot larger then the Trencher makes them , you 
may do it with a Stick , making them trickle out of the Ladle , as hath 
been faid . 

If theTrencher be hut touch a very little when the Lead flops from 
going through it , and be not too cool ft will drop again , but it is better 
not to touch it at all. At the melting of the Leadtake care that there 

be no kindof Oyl, Greafe , or the like, upon the Pots, or Ladles,or Tren- 
cher. 

The Chief caufe of this Globular Figure of the Shot, feems tobethe 
Auripigmentum ; for, as foon as it is put in among the melted Lead, 
it kfes its finning brigktmfs , contrasting injlanlly a grayifb film or 
skjn upon it , when you fcum it to make it clean with the Ladle . So 
that when the Air comes at the falling drop of the. melted Lead , that 
‘skjn conflri&s them every where equally : but upon what account, and 
whether this be the true caufe, is left to further difquifition. 



Much after this fame manner, when the Air is exceeding cold through 
which it paflesj do we find the drops of Rain., , failing from the Clouds, 
congealed into round Hail-ftonesby the freezing- Ambient. 

To which may be added this other known Experiment, That if you 
o-ently let fall a drop of n>#terupon final] flwd oy duji, you fhall find, as it 
Were, an artificial round flow quickly generated. Icannot upon thisoc- 
eafion omit the mentioning of the ftrange kind of Grain , which I halv'd 
obferved-in a fionc brought from Kettering in Northamponfiire^nyfoctt- 
fore called by Mafons Kettering-stone , of which fee the Defection. 

Which 
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over a 

left behm » p per „ obfervihg diligently where feme confpt- 

very whtte 7y er y Jhtle black fpot no bigger then 

cuous (parks wu ^ through a Mhrbfiopc appeared to be a perfeft- 
the point of . j | poKftt ball of Steel, mforhuch that 

Window reflefted from i, Icannot 
hereltay f hnvinn doneit more fully innnofher place) to.examine the 
parilenkr Rcalcns of it, but fliall only hint, that I imagine it to be iome 
Lull parcel of the Steel, which by the violence of the motion of the 
ifroke ( riioft of which feems to be unpreft upon thofe final! parcels ) is 
made fo glowing hot, that it is melted into a Vitrum , which by the ambi- 
ent Airis thruft into the forni of a Ball. 

A Fifth thing which I thought worth Examination was. Whether the 
motion of all kind of Springs , might not be reduced to the Principle 
whereby the included heterogeneous fluid feems to be moved ^ or to that 
whereby two Solids, as Marbles, or the like,are thruft and kept together 
by the ambient fluid. 

A Sixth thing was, Whether the Rifing and Ebullition of the Water Out 
of Springs and Fountains ( which lie much higher from the Center of the 
Earth then the Superficies of the Sea, from whence it items to be derived} 
may not be explicated by the rifing of Water in a fmaller Pipe For the 
Sea-water being ftrained through the Pores or Crannies of the Earth, is, 
as it were, included in little Pipes, where the preilure of the Air has not 
fo great a power to refill its rifing ; But examining this way, and finding 
in it fever a 1 difficulties a lmoft irremovable, I thought upon away that 
would much more naturally and conceivably explain it, which was by 
this following Experiment: I took a Glafs-Tube, of the form of that 
deferibed in the fixth Figure, and chuling two heterogeneous fluids , filch 
as Water and Oyl , I poured in as much Water as filled up the Pipes as 
high as A B, then putting in feme Gy 1 into the Tube AC, I depreft the 
fuperficies A of the Water to E, and B I raifedto G, which was not fo 
high perpendicularly as the fuperfieies of the Oyl F, by the fpace F J, 
wherefore the proportion of the gravity of thefe two Liquors was as 
C FI to F E. 

This Experiment I tried With feveral other Liquors, and particularly 
with frefh Water and Salt ( which I made by diflolving Salt in wariri 
Water) which two though they are nothing heterogeneous, yet before 
they would perfeftly-mix one with another, I made" trial of the Experi- 
ment .• Nap, letting the Tube Wherein 1 tried the Experiment remain for 
many dayes , I obferved them not to mix ; but the fuperficies of the frefh 
was rather more then lefs elevated above that of the Salt. Now the 
proportion of the gravity of Sea-water, to that of River-water, accord- 
mg to stevwus and Varcmm , and aslhavefmce found prettv true by 
making trial my felf, 1sas46.ro 45. that is, 46. Ounces of the fait Wz- 
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ter will take up no more room then 45. of the frefh. Or reciprocally 
45 pints of felt-water weigh as much as 46 of frefh. 

But I found the proportion of Brine to frefh Water to be near 13 to 12 ; 
Suppoiing therefore GHMto reprefentthe Sea, and F I the height of 
the Mountain above the Superficies of the Sea, F M a Cavern in the 
Earth, beginning at the bottom of the Sea, and terminated at the top of 
the Mountain, L M the Sand at the bottom , through which the Water 
is as it were ftrained , fb as that the frefher parts are only permitted to 
tranfiide,and thefaline kept back if therefore the proportion of G M 
to F M be as 45 to 4 6, then may the Cylinder of Salt-water G M make 
the Cylinder of Frefh-water to rife as high as E, and to run over at N. 
I cannot here (land to examine or confute their Opinion , who make the 
depth of the Sea, below its Superficies, to be no more perpendicularly 
meafured then the height of the Mountains above it ; Tis enough for 
me to fay, there is no one of thofe that have afl'erted it, have experimen- 
tally known the perpendicular of either nor fhall I here determine, whe- 
ther there may not be many other caufes of the fepa ration of the frefh 
water from the fait , as perhaps feme parts of the Earth through which it 
is to pals , may contain a Salt , that mixing and uniting with the Sea -fa It, 
may precipitate it 5 much after the fame manner as the Alkalizate and 
Acid Salts mix and precipitate each other in the preparation of Tarta- 
rian VitrioUnm. I know not alfo whether the exceeding cold ( that 
muft neceffarily be ) at the bottom of the Water, may not help towards 
this feparation , for we find , that warm Water is able to diflolve and 
contain more Salt , then the fame cold infomuch that Brines ftrongly 
impregnated by heat, if let cool , do fuffer much of their Salt to flibfiae 
and cryftallize about the bottom and fides. I know not alfo whether 
the exceeding prefliire of the parts of the Water one againft another, 
may not keep the Salt from defeending to the very bottom , as finding 
little or no room to infert it felf between thofe parts , protruded fo vio- 
lently together , or die fqueeze it upwads into the fuperiour parts of the 
Sea, where it may more eafily obtain room for it felf, amongft the parts 
of the Water , by reafon that there is more heat and lefs prefliire. To 
this Opinion I was fcmewhat the more induced by the relations I have 
met with in Geographical tVriters, of drawing frefh Water from the bot- 
tom of theSea , which is fait above. I cannot now ftand to examine, 
whether this natural perpetual motion may not artificially be imitated : 
Nor can I ftand to anfwer the Objedions which may be made againft this 
ray Suppofition : As, Firft, How it comes to pafs,that there are fbmetimes 
fait Springs much higher then the Superficies of the Water? And, Se- 
condly : Why Springs do not run fafter and flower, according to the vary- 
ing height made of the Cylinder of Sea- water, by the ebbing and flow- 
ing of the Sea ? 

As to the Firft, Infhort, I fay, the frefli Water may receive again a 
feline Tincture near the Superficies of the Earth, by pa fling through 
fotaztidt Mines , or ellemany of the feline parts of the Sea may be kept 
back, though not all. 



And 
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And ns to the Second, She 

divers Caverns, coming from very far diftant parts of the«S£* , fo as that 
it may in one place be high , in another low water ; and fo by that means 
thcZm may be equally fu PP ly’d at all times. Or elfe the Cavern may 
be foVafght and narrow, that the water not having fo ready and free 
callage through it, cannot upon fo fhort and quick mutations of preflure, 
be able to produce any fenfible effete at fuch a diftance.. Eefides that, 
to confirm this hypothecs, there are many Examples found in Natural Hifto- 
rians of springs that do ebb and flow like the Sea : As particularly, thofe 
recorded by the Learned Camden, and after him by Speed, to be found in 
this Tflandi One of which, they relate to be on the Top of a Mountain, 
by the final] Village Kilken in Elintjhire , Mark amulus qui ftatk ttmpo- 
ribus fias evomit & reforbet Aquas-, Which at certain times rifeth and 
falleth after the manner of the Sea. A Second in Caermardcnjhire , 
near Caermarden , at a place called Can tied Bichan 5 em ( lit firibit Gk 
r a Id us ) natnrali die bk nndk deficiens , & toties exuberans , marinas 
imitatvr injlabilitates 5 That twice in four and twenty hours ebbing and 
flowing , refembleth the unftable motions of the Sea. The Phenomena 
of which two may be eafily made out, by fuppofingthe Cavern , by which 
they are fed , to arife from the bottom of the next Sea. A Third, is a 
Well upon the River Ogmore in Glamorganshire , and near unto Newton, of 
which Camden relates himfdf to be certified,by a Letter from a Learned 
Friend of his that obferved it, Tons abejl bine , &c. The Letter is a little 
too long to be infertcd,but the fubftance is this ; That this Weil ebbs and 
flows quite contrary to the flowing and ebbing of the Sea in thofe parts : 
for ’tis almoft empty at Full Sea, but full at Low water. This may hap- 
pen from the Channel by w hich it is fupplied , which may come from the 
bottom of a Sea very remote from thofe parts , and where the Tides are 
much differing from thofe of the approximate fliores. A Fourth, lies in 
Weftmorland, near the River Coder §ui inftar Euripi fepim in die reck 
procavtibus undkfiuit & reftrnt , which ebbs and flows many times a day* 
This may proceed from its being fupplyed from many Channels , coming 
from feveral parts of the Sea, lying fufficiently diftant afunderto have the 
times of High-water differing enough one from the other 5 fo as that 
whcnioever it fhall be High water over any of thofe places, where thefe 
Channels begin, it fhall likewife be fo in the Well 5 but thisis but a fupro- 
fition. rr 

A Seventh guery was, Whether the dilution or mixing of feveral bo- 
dtes, whether fluid or fohd,with faline or other Liquors, might not partly 
be attributed to this Principle of the congruity of thofe bodies and their 
difloiyents > As of Salt in Water, Metals in feveral Menfirmms, Undhious 
GumsmOyls, the mixing of Wine and Water, dv. And whether preck 
MfZ b l not P a « ] y made . fr pm the fame Principle of Incongruity ? I 
Sen? 5 bCCaU C thei C aiem f ° me Dilfolutions > forae other Caufes con- 

A H a ?°re recmingly ftrrnge and unlikely Snery ». 

and that is. Whether this Principle, well examined and explained/niay 

F 2 not 





Micrographia* 

hot be found a co-ejficient In the moft confiderable Operations of Na- 
ture? As Inthofeof Heat, and Light yv,<\ confequently.of Rarefaction and 
Condenfation , Hardncfs } and Fluidmfs , Perjpiabty and Opacoujhefs,Refra{U~ 
cns ana Colours . &c. Nay, I know not whether there may be many things 
done in Nature,in which this may not ( be fa id to ) have a Finger? This 
I have in fome other paiTages of this Treat He further enquired into and 
fhewn, that as well Light as Heat may be caufed by corrofion, which is ap- 
plicable to congruityysnA confequcntly all the reft will be but fubfcquents: 
In the mean time I would not willingly be guilty of that £rm-,whieh the 
thrice Noble and Learned Verulam juftly takes notice of, as fuch,and calls 
Vhilofophiee Genus Fmpiricum , quod in pane or urn Experimentorum Arigufljfc 
& Obfcuritate funds turn eft. For I neither conclude from one fingle Expe- 
riment, nor are the Experiments I make ule of all made upon one Subjeift : 
Nor wreft I any Experiment to make it quadrare with any preconceiv’d 
Notion. But on the contrary, I endeavour to be conversant in divers 
kinds of Experiments, and all and every one of thole Trials, I make the 
Standards or Touchftoncs, by which I try all my former Notions, whether 
they hold out in weight, and meafure,and touch, &c. For as that Body is 
no other then a Counterfeit Gold , which wants any one of the Proprie- 
ties of Gold, ( fiich as are the Malleablenels, Weight, Colour, Fixtneft 
in theFire,Indiflolublenels in Aqua fortis, and the like ) though it has all 
the other ; lo will all thofe Notions be found to be falfe ancl deceitful, 
that will not undergo all the Trials and Teftsmade of them by Experi- 
ments. And therefore fuch as will not come up tothedefired Apex of 
Perfection , I rather wholly rejeCt and take new , then by piecing and 
patching,endeavour to retain the old, as knowing fuch things at beft to be 
but lame and imperfect. And this courle I learned from Nature 5 whom 
we find neglectful of the old Body, and differing its Decaies and Infirmi- 
ties to remain without repair . and altogether follicitous and careful of 
perpetuating the Species by new Individuals. And it is certainly the moft 
likely way to ereCt a glorious Structure and Temple to Nature, Inch as flic 
will be found ("by any zealous Votary J torefidein$ to begin to build a 
new upon a litre Foundation of Experiments. 

But to digreft no further from the confideration of the Vhanomem, 
more immediately explicable by this Experiment, we (hall proceed to 
Ihew, That, as to the rifingof Water in a Filire^ the reafon of it will be 
manifeft to him, that does take notice, that a Fibre is conftituted ofa great 
number of final l long lolid bodies , which lie fo dole together, that the 
Air in its getting in between them , doth lofe of its preflu re that it has a- 
gainft the Fluid without them, by which means the Water or Liquor not 
finding lo ftrong a refiftance between them as is able to counter-ballance 
the preflu re on its fuperficies without, is raifed upward, till it meet with a 
preffure of the Air which is able to hinder it. And as to the Rifing of 
Oyl, melted Tallow, Spirit of Wine, &c. in the Week of a Candleor 
Lamp, it is evident, that it differs in nothing from the former, lave only 
in this, that in a Fibre the Liquor deicends and runs away by another 
part ; and in the Week the Liquor is difperfed and carried away by the 

- ■ Flame j 
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Flame ; fomething there is afcribable to the Heat , for that it may rarifie 
the more volatil and fpirituous parts of thofe combuftiMe Liquors and I fo 
beine made lighter then the Air , it may be protruded upwards by that 
more ponderous fluid body in the Form of Vapours y but this can be 
aferibed to the afcenlion of but a very little,and moft likely of that on- 
ly which afeends without the Week. As for the Rifing of it in a Spunge, 
Bread Cotton-d'-c. above the fuperficies of the fubjaeent Liquor 5 what 
has been faid about the Fibre (if confidered) will eafily fuggeft a 
reafon , confidering that aM thefe bodies abound with frriall holes or 

^ From this fame Principle alfo ( viz. the unequal prejfnrcof the Air a- 
qainji the unequal Jupetfcies of the water ) proceeds the caufe of the ac- 
ceflion or incurfion of any Boating body againft the fides of the con-' 
raining Veflel, or the appropinquation of two Boating bodies, as Bubbles , 
Cork?) Stick? j Straws, &c. one towards another. As for inftance, Take 
a G1 ais-jar, fitch as A B in the feventh Figure, and filling it pretty near the 
top with water , throw into it a fmall round piece of Cork, as C, and 
plunge it all over in water , that it be wet , fo as that the water may rile 
up by the fides of it, then placing it any where upon the fuperficies, about 
an inch, or one inch and a quarter from any fide, and you fliall perceive it 
by degrees to make perpendicularly toward the neareft part of the fide, 
and the nearer it approaches , the fafter to be moved , the reafon of 
which Phenomenon will be found no other then this, that the Air has a 
greater preffure againft the middle of the fuperfiaes , then it has againft 
thofe parts that approach nea rer , and are contiguous to the fides. Now 
that the preflure is greater, may ( asllbewed before in the explication 
of the third Figure ) be evinced from the flatting of the water in the 
middle, which arifes from the gravity of the under fluid : for fince, as I 
fhewed before, if there were no gravity in the under fluid ,ov that it were 
equal to that of the upper , the terminating Surface would be Spherical, 
and fince it is the additional preflureof the gravity of water that makes 
it fo fiat,it follows, that the prefiure upon the middle muft be greater then 
towards the fides. Hence the Ball having a ftronger prefiure againft that 
fide of it which refpeas the middle of the fuperficies , then againft that 
which lefpefts the d 0 ^oximate f?de . muft neceflarily move towards that 
part 5 nom whence it finds lead refiftance^ and fo be accelerated^ as the re* 
finance dccrcafes. Hence the more the water is raifed under that part 
of its way it is paffing above the middle, the fafter it is moved : And 
therefore you will find it to move fafter in E theft in D, and in D then 
in C. Neither could I find the floating fubftance to be moved at all un- 
upon fome part of the Superficies that was feniibly ele^ 
vated abovethe height of the middlepart. Now that this may L the 
true caufe, you may try with a blown Bladder, and an exaftly round Ball 

( 0me FMe = body, as Horn or gfif 7 ck?i her. 
torit the Ball be piaced under apart of the Bladder which b upon one 

oi j? e of its preflure , and you prefs ftronglv againft the 

Bladder, you fhall find the Ball moved from theQid^ iol^SS 

Having 
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Having therefore (hewn the reafon of the motion of any float towards 
the fides, the reafon of the incurfion of any two floating bodies will eafi- 
ly appear : For the riling of the water againft the lidcs of either of 
them,is an Argument fufficient,to ihew the prefliire of the Air to be there 
lefs,then it is further from it,where it is not 16 much elevated ; and there- 
fore the realbn of the motion of the other toward it , will be the fame as 
towards the fide of the Glafs ; only here from the fame reafon , they are 
mutually moved toward each other , whereas the fide of the Glafs in the 
former remains fixt. If alfo you gently fill the Jar fo full with water* 
that the water hfrotuberant abo ve the fides, the lame piece of Cork that 
before did haften towards the lides , does now fly from it as fall towards 
the middle of the Superficies; the reafon of which will be found noo- 
ther then this, that the prelfure of the Airis ftronger againft the lides of 
the Superficies G and H, then againft the middle I ; for fince, as I Slewed 
before, the Principle of congruity would make the terminating Surface 
Spherical , and that the flatting of the Surface in the middle is from the 
abatement of the waters prefliire outwards, by the contrary indeavour 
of its gravity ; it follows that the prelfure in the middle muff be lefs then 
on the lides; and therefore the conlecution will be the fame as in the 
former. It is very odd to one that confiders not the reafon ol it , to foe 
two floating bodies of wood to approach each others though they were 
indued with feme magnetical vigour ; which brings into my mind what I 
formerly tried with a piece of Cork or fuch like body, which I fo order- 
ed, that by putting a little ftick into the fame water, one part of the fold 
Cork would approach and make toward the ftick, whereas another 
would difoede and fly away,nay it would have a kind of verticity , fo as 
that if the xEmator ( as I may fo fpeak) cf the Cork were placed to- 
wards the ftick, if let alone, it would inttantlyturn its appropriate Pole 
toward it, and then run a-tilt atitrand this was done only by taking a dry 
Cork, and wetting one fide of it with one fmall ftroak ; for by this means 
gently putting it upon the water, it would deprels the fiiperficieson eve- 
ry fide of it that was dry , and therefore the greateft prefliire of the Air, 
being near thofe lides caufed it either to chafe away, or elfe to fly ofl from 
any other floating body, whereas that fide only, againft which the water 

afeended, was thereby able to attract. . , 

It remains only, that I Ihould determine how high the Water or other 
Liquor may by this means be raifod in a fmalierPipe above the Superfi- 
cies of that without it , and at what height it may befuftained : But to 
determine this, will be exceeding difficult, unlcfs I could certainly know 
how much of the Airs preffure is taken off by the fmajnefs of fuch and 
fuch a Pipe 5 and whether it may be wholly taken ls^whethei theva 

can be a hole or pore fo fmall 5 into which Air could not at all entei ? 
though water might with its whole force ; for were there fiich , tis mam- 
feft , that the water might rife in it to feme five or inland thirty Engliffi 
Foot high. I know not whether the capillary Pipes in the bodies of Imall 
Trees, which we call their Microfcopicalpores^ may not be Inch ; and whe- 
ther the congruity of the fides ol the Pore may not yet draw the jnyd? 
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even higher Chen the Ah' was able by its bare prefliire toraife it : For, 
Congruity is a principle that not only unites and holds, a body jbyoed to 
it, but, which is more, attracts and draws a body that is very near it, and 

holds it above its ufual height. . ■ . _. 

And this is obvious even in a drop of water luipcnded under any Si- 
milar or Congruous body : For, befides the ambient prelfure that helps to 
keep it fufrein d, there is the Congruity of the bodies that are contigu- 
ous. This is yet more evident in Tenacious and Glutinous bodies ; fuch 
as Gummous Liquors, Syrups, Pitch, and Rofin melted, &c. Tar, Tur- 
pentine, Balfom, Bird-lime, &c. for there it is evident, that the Parts 
of the tenacious body, as I may fo call it, do (tick and adhere fo dole* 
Iy together, that though drawn out into long and very flender Cylin- 
ders, yet they will not eafily relinquilh one another ; and this, though 
the bodies be aliquatems fluid, and in motion by one another; which, 
to fuch as confider a fluid body only as its parts are in a confided irregu- 
lar motion, without taking in alfo the congruity of the parts one among 
another, and incongruity to fome other bodies, does appear not alittle 
Arrange. So that befides the incongruity of the ambient fluid to it, we 
are to confider alfo the congruity of' the parts of the contein’d fluid one 
with another. 

And this Congruity (that I may here a little further explain ltj is both 
a Tenaceous and an Attractive power ; for the Congruity, in the Vi- 
brative motions,may be the caufcof all kind of attraction, not only Ele- 
ctrical, but Magnetical alfo, and therefore it may be alfo of Tenacity 
and Glutinoufiiefs. For, from a perfect congruity of the motions of two 
diftant bodies, the intermediate fluid particles are foparated and dro- 
ven away from between them, and thereby thofo congruous bodies are, 
by the incompafling mediums, compell d and forced neerer together ; 
wherefore that attradtivenefs rauft needs be ftronger, when, by an im- 
mediate contact, they are forc'd to be exactly the fame : As t fhew more 
at large in my rheory of the -Magnet, And this hints to me the reafon of 
the fufpenfion of the Mercury many inches, nay many feet, above the ufu- 
al nation of 50 inches. F or the parts of' Quicksilver^ being fo very 
fimilar and congruous to each other, if once united' will not eafily iuffer 
a divulfion : And the parts of water, that were any wayes heterogeneous^ 
being by exantlation or rarefaftion exhaufted, the remaining parts being 
alfo very fimdar, will not eafily part neither. And the parts of the Glal 
are more difficultly dhjoyn d ; and the water, being fome- 
,^ mi ar to is > 1C were > a medium to unite both the Glafs and 
fimibr'hv t0ge f that all three being united, and not very dif- 

Sgfc of “ntafl, if care be taken that the Tube in e- 

recting be not fliogged, the Quicksilver will remain fufpended notwith- 

*g parts, and fo hurling them makes them air ; or elfe 

by 
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by fome final! heterogeneous agil part of the Water, or Air, or Quick- 
filver, which appears like a bubble, and by its jumbling to and fro there is 
made way for the heterogeneous Mther to obtrude it felf between the 
Glafs and either of the other Fluids, the Gravity of Mercury precipitates 
it downward with very great violence ; and if the Veflel that holds the 
reftagnating Mercury be convenient, the Mercury will for a time vibrate to 
and fro with very large recipro cations, and at laff will remain kept up by 
the preffure of the external Air at the height of neer thirty inches. And 
whereas it may be objected, that it cannot be, that the meer imbodying 
of the Mther between thefe bodies can be the caufe,fince the Mther ha- 
ving a free pafFage alwayes , both through the Pores of the Glafs, and 
•through thofe of the Fluids, there isno reafon why ltfhould not make a 
feparation at all times whilft it remains (ulpended, as when it is violently 
dif-joyned by a fhog. To this I anfwer , That though the Mther pafles 
between the Particles, that is, through the Pores of bodies, fo as that any 
chafme or feparation being made , it has infinite paflages to admit its en- 
try into it, yet fuch is the tenacity or attra&ive virtue of Congruity, that 
till it be overcome by the meer ftrength of Gravity, or by a fhbg affifting 
that Conatus of Gravity, or by an agil Particle, that is like a leaver agi- 
tated by the Mther ; and thereby the parts of the congruous fubftances 
are feparated fo far afunder , that the ftrength of congruity is fo far wea- 
kened, as not to be able to reunite them, the parts to be taken hold of be- 
ins removed out oF the attraftiveSphere ? fts I may fo fpeak^ oi the con- 
eruitv ; fuch, I fay, is the tenacity of congruity, that it retains and holds 
the almoft contiguous Particles of the Fluid , and fuflers them not to be 
feparated, till by meer force that attractive or retentive faculty be over- 
come: But the feparation being once made beyond the Sphere of the 
attractive activity of congruity , that virtue becomes of no effedt at all, 
but the Mercury freely falls downwards till it meet with a refiftance from 
the preflure of the ambient Air, able to refift its gravity, and keep ltfor- 

ced up in the Pipe to the height of about thirty inches 

Thus have I gently railed a Steel pendulum by a Load! tone to agieat 
Angle till by thefbaking of my hand I have chanced to make a fepara- 
tion between them, which is no fooner made, but as if the Loadftone had 
retained no attractive virtue, the Pendulum moves freely from it towards 
the other fide. So vaft a difference is there between the attroftive vir- 
tue of the Magnet when it z&s upon acontiguous and upon a disjoyned 
body: and much more mult there be between the attractive virtues of 
congruity upon a contiguous and disjoyned body - and in truth dieattra- 
aive virtue is fo little upon a body disjoyned, that though! have with a 
Microfcope obferved very diligently, whether there were any extraordi- 
nary protuberance on the fide of a drop of water that was exceeding neer 
to tie end of a green ftick, but did not touch it, I could not perceive he 
leaftj though I ‘found, that as foon as ever ittoucht it the whole di op 
would prefently unite it felf with it; fo tfaatitfeems an abfohite con- 
taa is requifite to theexercifing of the tenacious faculty of congruity. 

Obferv. 
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Obferv. VII. Of fome Phenomena of Glafs drops. 



_ He( icur. Drips are fmail [parcels of coarfe green Glafs take,, out of 
T thePots that cbotain the M *4 ( as they call It J in fufioh, uron the 
md of Son Pipe 5 andbeing exceeding hot, and thereby of a klhdof 
flu jifc floid Confidence, are fuffeted to drop from thenceitltt) a Bucket 
K Water, and in it to lye till they be grown fenltbly cold. 

feme of thefe I broke to the open air , by fitting off a little of the 
fmal 1 dem with my fingers, others by crulhingit wlthafmall pair of Ply- 
Si -which 1 had noLnerdone, dien the whole bulkof the drop flew 
violentl v with a very brisk noife, into multitudes of fmail pieces, fome of 
which were as fmail as duff, though in fome there were remaining pieces 
pretty large, without any flaw at all, and others very much flaw d which 
by rubbing between ones fingers was eafily reduced. to duff; thefe dl- 
fperfed every way fo violently , that fome of them pierced my skin. I 
could not find, either with my naked Eye, or a Microfcope , that any of the 
broken pieces were of a regular figure,nor any one like another , but for* 



The ends of others of thefe drops I nipt off whilft all the bodies and 
ends of them lay buried under the water, which, like the former, flew all 
to pieces with as brisk a noife, and as ftrong a motion; 

Others of thefe I tried to break, by grinding away the blunt end, and 
though ! took a feemingly good one , and had ground away neer two 
thirds of the Ball, yet would it not fly to pieces, but now and then fome 
(mall rings of it would foap and fly off, not without a brisk noife and 
quick motion, leaving the Surface of the drop whence it flew very pretti- 
ly branched or creafed , which was eafily difcoverable by the Mtcrofcopei 
This drop, after I had thus ground it, without at all impairing the remnant 
that was not ground away, I caufed to fly immediately all into (and upon 
the nipping off the very tip of its (lender end. 

Another of thefe drops I began to grind away at the fm'allet end , but 
had not worn away on theftone above a quarter of an inch before the 
whole drop flew with a brisk crack into fand or (mall duft 5 nor Would 
it have held fo long , had there not been a little flaw in the piece that I 
ground away, as I afterwards found. 

Several others of thefe drops I covered over With a thin but very tuff 
skin of Icthyocolla . , which being very tough and very tranfparent,was the 
moft convenient fubftance for thefe tryals that ! could imagine, having 
dipt,! fay, feveral of thefe drops in this tranfparent Glue whilft hot, and 
suffering them to hang by a firing tied about the end of them till they 
were cold, and the skin pretty tough; then wrapping all the body of the 

G drop 





3ROGRAPHIA. 

drop (“leaving out only the very tip ) in fine fupple Kids -leather very 
Clofely,! hipped off the final! top, and found, as I expected, that notwith- 
ftanding this skin of Glue , and the clofe wrapping up in Leather, upon 
the breaking of the top. the drop gave a crack like the reft, and gave my. 
hand a pretty brisk impulfe: but yet the skin and leather was fo ftrong as 
to keep the parts from flying out of their former pofture, and, the skin 
being tranlparent i I found that the drop retained exactly its former fi- 
gure and polifti, but was grown perfectly opacousand all over flaw’d, all 
thole flaws lying in the manner of rings, from the bottom or blunt end, to 
the very top or fmall point. And by fe veral examinations with a Micro* 
fcope> of feveral thus broken, I found the flaws, both within the body of 
the drop, and on the outward fur face, to lye much in this order* 

Let AB in the Figure X of the fourth Scheme repreient the drop cafed 
over with iQhpocolla or ijinglafsjmd. ( by being ordered as is before pre- ' 
{bribed ) crazed or flawed into pieces, but by the skin or cafe kept in its 
former figure * and each of its flawed parts preferred exa&ly in its due 
pofiure , the outward appearance of it fomewhat plainly to the naked 
eye , but much more conspicuous if viewed with a finall fenfs appeared 
much after this Ibape. That is , the blunt end B for a pretty breadth, 
namely , as far as the Ring C C C feemed irregularly flawed with divers 
cieftsj which all feemed to tend towards the Center of it, being, as l af- 
terwards found , and (hall anon (hew in the deferiptionof the figure Y, 
the Balts, as it were, of a Cone, which was terminated a little above the 
middle of the drop , all the reft of the Surface from C C C to A was 
flawed with an infinite number of fmall and parallel Rings, which as they 
Were for the mod part very round , fb were they very thick and clofe 
together, but Were not fb exactly flaw’d as to make a perfect Ring, but 
each circular part was by irregular cracks flawed like wife into multitudes 
of irregular flakes pr tiles j and this order was obferved likewife the 
Whole length of the neck, 

Now though I could not fo exactly cut this conical Body through the 
Axit^ as is reprefented by the figure Y 5 yet by anatomising^ as it were, 
of feveral, and taking notice of divers particular circumftanCcs,; I was in- 
formed, that could I hav e artificially divided a flaw’d drop through the 
Axis or Center , I lbould with a Microfi&pe have found it to appear much 
of this form, where A fignifies the Apex , and B the blunt end, CC the 
Cone of the Bafis, which is terminated at T the top or end of it , which 
feems to be the very middle of the blunt end., in which, not only the co- 
nical body of the Bafis C C is terminated, but as many of the parts of the 
drop as reach as high as D D. 

And it feemed to be the head or beginning of a Pith, as it were, or a 
a part of the body which feemed more fpungy then the reft, and much 
more irregularly flawed, which from T afeended by E E, though Ids vi- 
able, into the fmall neck towards A. The Grain, as it were, of all the 
flaws, that from all the outward Surface A DC CD A, -was much the 
iame,as is reprefented by the black ftrokes that meet in the middle D T, 
DT, DE,DE, &c. 

Nor 
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Not is this kind of Grain* aslmaycall it, P ecu S® 
quenched; for f not to motion » , d f in th<! 

tT 7 oKfa”Xhe fl fcme in 1 manner of enft Iron , cfpedally theconr- 
r h to ' SsMv«r«d Furnaces, and Backs, and Pots are made of •• 
r rf The breaking of any of thofe Subftances it is obvious- to ob- 
ferve F how from\heOut-fides towards the middle k there is a kindof 
Radiation or Grain much refembling this of the Glafs-drop; but this 
Grafo iTmoft conlpicuous in Iron-bullets , if they be broken : the feme 

?Comm may fc produced by cafting 

flealfri - vjhhGlafi of Antimony , or With alnioft any tach 



Others of thefe Drops I heat red hot in the fire, and then liiffered them 
to cool by degrees. And thefe I found to have quite loft all their fulmi- 
native or flyine quality, as alfo their hard, brittle and fpringy texture 5 
and to emerge of a much fofter temper, and much eafier to be broken or 
fnapt with ones fingenbut its ftrong and brittle quality was quite defti oy- 
ed, and it feemed much of the feme confidence with other green Glafs 
well nealed in the Oven. 

The Figure and bignefs of thefe for the moft part was the feme with 
that of the Figure Z j that is, all the furface of them was Very fmooth and 
polifht,and for the moft part round , but very rugged or knobbed about 
D, and all the length of the ftem was here and there pitted or flatted. 
About D, which is at the upper part of the drop under that fide of the 
ftem which is concave , there ufiially was made fome one or more little 
Hillocks or Prominences. The drop it felf, before it be broken, appears 
very tranlparent, and towards the middle of it, to be very full of fmall 
Bubbles, of feme kind of aerial fubftance, which by the refraction of the 
outward furface appear much bigger then really they are 5 '■and this may 
be in good part removed, by putting the drop under the furface of clear 
Water, for by that means moft part of the refraction of the convex Sur- 
face of the drop is deftroyed , and the bubbles will appear much frtialler. 
And this, by the by, minds me of the appearing magnitude of the aper* 
ture of the ?w, or pupil ofthe eye, which though it appear, and be there- 
fore judged very large , is yet not above a quarter of the bignels it ap- 
pears of, by the lenticular refraCtion of the Cornea, 

The caufe of all which Vh<enomena 1 imagine to be no other then this 
That the Parrs of the Glafs being by the exceflive heat of the fire kept 
off and feparated one from another, and thereby put into a kind of Hug- 
gilh fluid confiftence , are fuffered to dropoff with that heat or agitation 
remaining in them, into cold Water 5 by which means the outfides of the 
drop arc prefently cool’d and crujled , and are thereby made of a loofe 
texture, becaufe the parts of it have not time to fettle themfelves leilhrely 
together , and fo to lie very clofe together : And the innermoft parts of 
the drop, retaining ftill much of their former heat and agitations, remain 
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q{ a loofe texture alfo, and, according as the cold (hikes inwards from the 
bottom and fides, are quenched , as it were, and made rigid in that very 
pofture wherein the cold finds them. For the parts of them//? being 
already hardened , will not fuffer the parts to (hrink any more from the 
outward Surface inward ; and though it fhrink a little by reafon of the 
fmall parcels of fome Aerial fubftances difperfed through the matter of 
the Glafs, yet that isnotneer fomuch as it appears ( as I juft now hint’ 
ed O nor if it wer e, would it be Efficient for to confolidate and condenfe 
the body of Glafs into a tuff and clofe texture , after it had been fb ex- 
cefiivejy rarified by the heat of the glafs-Furnace. 

But that there may be fuch an expanfion of' the aerial fobftanee con- 
tained in thofe little blebbs or bubbles in the body of the drop 9 this fol- 
lowing Experiment will make more evident. 

Take a fmall Glafs-Cane about a foot long , feal up one end of it her- 
tnetieally ^ then put in a very fmall bubble of Glafs, almoft of the fhape of 
an Efience-viol with the open mouth towards the fealed end , then draw 
out the other end of the Pipe very fmall, and fill the whole Cylinder with 
water , then fet this Tube by the Fire till the Water begin to boyl , and 
the Air in the bubble be in good part rarified and driven out , then by 
fucking at the fmalling Pipe, more of the Air or vapours in the bubble 
may be fuck’d out , fo that it may fink to the bottom , when it is funk to 
the bottom, in the flame of a Candle, or Lamp, nip up the (lender Pipe arid 
let it cool : whereupon it is obvious to obferve, firft, that the Water by 
degrees will fubfide and fhrink into much lefs room : Next, that the Air 
or vapours in the Glafs will expand themfelves fo, as to buoy up the little 
Glafs: Thirdly, that all about the infide of the Glafs-pipe there will ap, 
pear an infinite number of fmall bubbles, which as the Water grows colder 
and colder will fwell bigger and bigger, and many of them buoy them- 
felves up and break at the top. , . , , . . 

From this Deeding of the heat in Glafs drops, that is, by the quenchmg 
or cooling Irradiations propagated from the Surface upwards and in- 
wards, b? the lines CT, CT, D T, D E, &c the bubbles in the drop 
have room to expand themfelves a little, and the parts of the Glafs con- 
tract themfelves 5 but this operation being too quick for the f uggifh parts 
of the Glafs, the contraction is performed very unequally and irregularly, 
and thereby the Particles of the Glaftare bent, fome one way, and feme 
another yet foas that moft of them draw towards the Pith or middle 
TEEE' or rather from that outward: fo that they cannot extricate or 
unbend themfelves, till fome part of T E E E be broken and loofened, 
for all the parts aboutthat are placed in the manner of an Arch, and fo 
rill their hold at T E E E be loofened they cannot fly afunder, bw up- 
hold, and fhelter, and fix each other much like the (tones in a Vault, 
Where each ftone does concurre to the ftability of the whole Fabnck, 
and no one ftone can be taken away but the whole Arch falls.And where- 
foever any of thofe radiating wedges PT D,&c are removed, whicn 
are the component parts of this Arch, the whole Fabnck prefently falls to 
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fm* ill the Springs of the feveral parts are fet at liberty , which 

themfelves and fly afunder every way 5 each part 

Kfrringcontributjng to the darting ofit felfand forae other conngu- 
mrt g But if this drop be heat fo hot as that the parts by degiees can 
ou f bj ’upmfelves and be fettled and annealed in that pofture , and be 
Tl ttXntlv to fubfide and codli The parts by this nailing lo- 
fin2 their fpringinefJ, copftitute a drop of a more (oft but lefs briltletex* 

not at all fed* a flexure, though anypatfi of the 
middle or Pith T E E E be broken, yet will not the drop at all fly to pieces 

45 Thk Conieifture of mine t (hall indeavour to make out by explain- 
ing each particular Aflertion With analogous Experiments : The Aflertion* 
are theft. 

Firft, That the parts of the Glafs, Whilft in a fluid Corififtence and 
hot, are more rarified, or take up more room, then when hard and 

C °Secondly, That the parts of the drop do fuffer a twofold cofitra- 

W * Thirdly , That the dropping or queftchtng the glowing metal in the 
Water makes it of a hard, fprlnging, and rarified texture. 

Fourthly , That there is a flexion or force remaining upon the parts 
of the Glafs thus quenched , from which they indeavour to extricate 
themfelves. 

Fifthly, That the Fabrick of the drop, that is able to hinder the parts 
from extricating themfel ves, is anakgus to that of an Arch. 

Sixthly, That the hidden flying alunder of the parts proceeds from 
their fpringinefs. 

Seventhly, That a gradual heating and cooling does anneal or reduce' 
the parts of Glafs to a texture that is more loofe, andeafiiier tobebro-* 
ken, but not fo brittle^ 

That the firft of thefe is true may be gathered ff'otn this, That Heat is 
a property of a body artfing from the motion or agitation of its parts 5 and 
therefore whatever body is thereby toucht muft necefiarily receive fome 
part of that motion, whereby its parts Will be fhaken and agitated, and fo 
by degrees free and extricate themfelves from one another , and each 
part fo moved does by that motion exert a conatus of protruding and diP 
placing all the adjacent Particles. Thus Air included in a veflel, by be- 
ing heated will burft it to pieces. Thus have I broke a Bladder held 
over the fire in my hand, with fuch a violence and nqife , that it almoft 
made me deaf for the prefent,and much furpafled the noife of a Musket? 
I he like have I done by throwing into the fire final] glafs Bubbles her- 
metically fealed , with a little drop of Water included in them. Thus 
water alio, or any other Liquor, included in a convenient vefleLby freinz 
warmed , mamfeftly expands it fclf with a very great violence , fo as ta 
break the ftrongeft veflel, if when heated it be nlrowly imprifonedfok 

- This 







Mi CROGRAP H I A. 

This is very manifeftby the Jealed Thermometers, which I have, byfeve* 
ral tryals, at laft brought to a great certainty and tendernefs : for I have 
made fome with ftems above four foot long , in which the expanding Li- 
quor would fo far vary,as to be very neer the very top in the heat of Sum. 
mer, and prety neer the bottom at the coldeft time of the Winter. The 
Stems I ufe for them are very thick, ftraight, and even Pipes of Glafs,with 
a very finall perforation , and both the head and body I have made on 
purpofe at the Glafs-houfe , of the fame metal whereof the Pipes are 
drawn: theft I can eafily in the flame of a Lamp, urged with the blaft of 
a pair of Bellows, feal and clofe together, fo as to remain very firm, clofe 
and even ; by this means I joyn on the body firft, and then fill both it and 
a part of the fern, proportionate to the length of the Item and the 
warmth of thefeafon I fill it iu with the bell rectified Spirit of Wine high- 
ly ting'd with the lovely colour of Cocheneel , which i deepen the more 
by pouring fome drops of common spirit of Urine , which rouft net be 
too well rettified , becaufe it will be apt to make the Liquor to curdle 
and ftick in the finall perforation of the ftem. _ This Liquor I have upon 
tryal found the mold tender of any fpirituous Liquor, and thofe are much 
more fenfibly affeCted with the variations of heat and cold then other more 
flegmatick and ponderous Liquors , and as capable of receiving a deep 
tinCture, and keeping it, as any Liquor whatfoever ; and ( which makes 
it yet more acceptable ) is not iubjeft to be frozen by any cold yet 
known. When I have thus filled it, l ean very eafily in theforemention- 
ed flame of a Lamp feal and joyn on the head of it. 

Then* for graduating' the item, I fix that for the beginning of my di- 
vifion where the furface of the liquor in the ftem remains when the 
ball is placed in common diftilled water, that is fo cold that it juft begins 
to freeze and {hoot into flakes 5 and that mark I fix at a convenient place 
of the ftem, to make it capable of exhibiting very many degrees of cold, 
below that which is requifite to freeze water : the reft of my divisions, 
both above and below this (which I mark with a [o] or nought^ I place 
according to the Degrees of Expanfwn , or Contrallion of the Liquor in 
proportion to the bulk it had when it indur’d the newly mention d freez- 
ing cold. And this may be very eafily and accurately enough done by 
this following way 5 Prepare a Cylindrical veflel of very thin plate Brais 
or Silver, AB C D* of the figure Z; the Diameter AB ofwhofe cavity 
let be about two inches, and the depth B C the lame ; let each end e 
cover’d with a flat and fmooth plate of the fame fubftance, clofely foder d 
on, and in themidft of the upper cover make a pretty large hole EF, 
aboutthe blnefsofa fifth part of the Diameter of the other ; into this 
faften very well with cement a ftraight and even Cylindrical pipe of Glals, 
EFGH, the Diameter of whofe cavity let be exaftly one tenth of the 
Diameter of the greater Cylinder. Let this pipebe mark d at Gh with 

aDiamant, fo that G from E may be diftant jiift two inches, or the fame 
height With that of the cavity of the greater Cyhnderthendividehe 
length E G exactly into 10 parts, fo the capacity of the hollow of each 
of theft divifions will be g* part of the capacity of the greater Cylm- 
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der This veflel being thus prepared, the way of marking and grafts 
atine the Thermometers may be very eafily thus performed ; 

Fill this Cylindr ical veflel with the lame liquor wherewith the Tber- 
mmters are fill’d, then place bothit and- the Thermometer you are to, 
graduate in water that is ready to be frozen, and bring the furface of the 
liauor in\he Thermometer to the firft maike or [_o]; then fo proportion 
the liquor in the Cylindrical veilel, that thefurfaceof it may juft be at 
the lower end of the fmull glafoCy Under; then very gently and gradu- 
ally warm the water in which both the Thermometer and this Cylindrical 
veflel ftand, and as you perceive the ting’d liquor to rife in both ftems* 
with the point of a Diamond give feveral marks on the ftem of the ’Ther- 
mometer at thofe places, which by comparing the expanfioti in both 
Stems , are found to correfpond to the divifions of the cylindrical veiiel, 
and having by this means marked fome few of theft divifions on the 
Stem , it will be very eafie by thefe to mark all the reft of the Stem, 
and accordingly to affign to every divifiona proper charades 

A Thermometer , thus marked and prepared, will be the fitteft Inftru- 
ment to make a Standard of heat and cold, that can be imagined, . Fo? 
being foaled up, it is not at all fobjeft to variation or wafting, nor is it lia- 
ble to be changed by the varying preflureof the Air, which aft other 
kind of Thermometers that are open to the Air are liable to. But to pro. 
ceed. 

This property of Expanfion with Heat, and Contjaftion with Cold, 1*3 
not peculiar to Liquors only, but to all kind of folid Bodies alfo, efpeci- 
ally Metals, which will more manifeftly appear by this Experiment. 

Take the Barrel of a Stopcock of Braft, and let the Key, which is well 
fitted to it, be riveted into it,fo that it may flip, and be eafily turned round, 
then heat this Cock in the fire, and you will find the Key fo fwollen, that 
you will not be able to turn it round in the Barrel ; but if it be differed 
to cool again, asfoon as it is cold it will be as movable, and as eafie to be 
turned as before. 

This Quality is alfo very obfervable in Lead, Tin , Silver, Antimony^ 
Pitch^Rofn^Bees-wax.Bntter^atid the like; all which, if after they be melted 
you fiifier gently to coo) , you fhall find the parts of the upper Surface 
tofobfidc and fall inwards , lofing that plumpnels and fmoothneis it had 
whilft in fofion. _ The like I have alfo obferved in the cooling of Glafs 
of Antimony . which does very neer approach the nature of Glaft, 

But becaufe theft are all Examples taken from other materials then' 
Glad, and argue only, that pofiibly there may be the like property alfo it| 
Glals, not that really there is ; we fhall by three or four Experiments in. 
deavour to manifef r that alfo. 

And the Firft is an Obftrvation that is very obvious even in theft very 
drops, to wit,that they are all of them terminated with an unequal or ir- 
l-egnlar Surface eff>ecia]Jy about the fmaller part of the drop , and the 

wii * 0 !' t ’ a l ab0ut D > and ^ to A,' the whole 

- l,, u ’ WhlCh been round the drop had cool'd leifurely, 

5 by bcui S quenched haftily ? very irregularly flatted and pitted ; which 
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Ifuppofe proceeds partly from the Waters unequally cooling and pref- 
fine the parts of the drop, and partly from the felt-contra&ing or fubfi- 
ding quality of the fubftance of the Glafs: For the vehemency of the 
heat of the drop caufesfuchfudden motions and bubbles in the cold Wa- 
ter, that fome parts of the Water bear more forcibly againft one part then 
againft another , and confequently do more fuddenly cool thofe parts to 
which they are contiguous. _ f 

A Second Argument may be drawn from the Experiment oi cutting 
Clafles with a hot Iron. For in that Experiment the. top of the Iron 
heats , and thereby rarifies the parts of the Glafs that lie juft before the 
crack, whence each of thofe agitated parts indeavouring to expand its 
felf and get elbow-room, thrufts off all the reft of the contiguous parts, 
and confequently promotes the crack that was before begun. ^ 

A Third Argument may be drawn from the way of producing a Crack 
In a found piece or plate of Glafs, which is done two wayes, either Firft, 
by fuddenly heating a piece of Glafs in one place more then in another. 
And by this means chymifis ufually cut off the necks of Glais-bodies, 

' by two kinds of Inftruments, either by a glowing hot round Iron-Ring, 
which juft incoffipafies the place that is to be cut 5 orelie by a Sulphur d 
Threed which is often wound about the place where the Separation is to 
be made, and then fired. Or Secondly ; A Glafs may be cracked by cooling 
it fuddenly in any place with Water, or the like, after it has been all lei- 
furely and gradually heated very hot. Both which Phenomena leem ma- 
nifeftly to proceed from the expanfton and contraction of the parts of 
the Glafs , which isalfo made more probable by this circumftance which 
I have obferved , that a piece of common window-glafs being heated in 
the middle very fuddenly with a live Coal or hot Iron, does ufually at the 
firft crack fall into piece s,whereas if the Plate has been gradually heated 
very hot, and a Srop of cold Water and the like be put on the mid- 
dle of it, it only flaws it, but does not break it afunder immedi- 

Fourth Argument may be drawn from this Experiment ? Take a 
dais-pipe, and fit into it a folid ftick of Glafs, fo as it will but juft be mo- 
ved in it. Then by degrees heat themwhilft they are one within ano- 
ther and they will grow differ, but when they are again cold,they will be 
as eafie to be turned as before. This Expanfion of Glafs is more mam- 

^^ake'afHckofGlafs of a confiderable length, and fit it fo between the 
two ends or fcrews of a Lath, that it may but juft eafily turn,and that the 
very ends of it may be juft toucht and fufteined thereby ; then applying 
the flame of the Candle to the middle of it, and heating it hot, you will 
prefently find the Glafs to ftick very fafton thofe points, and not wiffiou 
much difficulty to be convertible on them, before that by removing t 
flame fora while from it, it be fuffered to cool, and then you will find it 

as eafie to be turned round as at the fiift. « , f t} nf i; es 

From all which Experiments it is very evident, that all thofe Bod , 
and particularly Glafs, fuffersan Expanfion by Beat, and that a 
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rJ ,, nne whi ift t hey are in a ftate ofKufion. 

ECC ‘ J 1 And this is further confirmed by a Poyof^oyAwg 




ed.The reafon of which odd Vhdnmemn ( to hint it here only by the way; 
is this , that there is in the curious powder of Alabafter,and otlmeakmmg 
tain watery fubftance, , which is lo.fixt ancl included With the 
. that till the heat be very eonfiderable they will npt fly away^ 



Stones, a ceit 
folid Particles. 
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but after the heat isincreafed toftichadegree, they break out ^py way 
in vapours, and thereby fo (bake and loofen the final] corpufles ofthe Pow- 
der from each other, that they become perfectly of the nature pt a fluid bo- 
dy, and one may move a ftick to and fro through it, and ftir it as eafily as. 
•,and the vapours burft and breakout in bubbles juft as in bo; ' 

J ^ 1 111 - ...1. +’tll r VlP> tltQt'S'Vir fVtl f 1 " 



water, ana tncvapuurs uimuimwwumju j**"-— *** w . B 

watered the like, whereas, both before thofe watery part? . are flying 
away, and after they are quite gone., that is, before and after jthayd done 
boy ling, all thofe efiefts ctafe , and a ftick is as difficultly moved to and fro 
in it as in fand, or the like. Which Explication I could eafily prove, had I 
time; but this is not a fit place for it. 

To proceed therefore,! fay, that the dropping of this expanded Body in- 
to cold Water, does make the parts of the Glafs fuffer a double contraction : 
The firft is, of thofe parts which are neer the Surface of the Drop. For Cold, 
as I laid before, contracting Bodies, that \$^by the abatement of the agitating fa- 
culty the parts falling neer er together ; the parts next ad joying to the Water 
muff needs lofe much of their motion , and impart it to the Ambient- water 
(which the Ebullition and commotion of it manifefts) and thereby become 
a folid and hard cruft, whilft the innermaft parts remain yet fluid and ex- 
panded; whence, as they grow cold alfo by degrees,their parts muft necefla- 
rily be left at liberty to be condenfed , but becaufeof the hardnefs of the 
outward cruft, the contraction cannot be admitted that way;but there being 
many very fmall, and before incorfpicuous, bubbles in the fubftance of the 
Glafs, upon the fubfiding of the parts of the Glafs, the agil fubftance contain- 
ed in them has liberty of expanding it felfa lirtJe,and thereby thofe bubbles 
grow much bigger,which is the fecond Contraction, And both thefe are con- 
firmed ftom the appearance of the Drop it felf : for as for the outward parts 
wefee,firft,that it is irregular and fhrunk,asit were, which is caufed by the 
little of the hardened Skin to a Contraction , after the very out- 
frar C£ ' S fettled ; and as for the internal parts, one may With ones 
naked Eye perceive abundance of very coiifpicuous bubbles, and with the 
Microftoptt many more, 

of ^ hicl1 Part 'cul.i s Will I eafi!y malw thcTlmd Pofiti- 

of rSdfe B>,ha V -r L rtS ° f the ? rop wiU b ' of a '«y bard, though 

hard win ^ 5 &r °? tward , parts of the Dr °P' b Y of' 

rd • wlU mdurc vcr >' htde Contra&ion, and the agil Particles, inclu- 

ded. 
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ded in thofe bubbles, by thelofing of their agitation, by thedecreafe of the 



withdrawing of the heat being very hidden) that the parts muft be left ib a 
very loofe Texture, arid by reafon of the implication of the parts one about 
another, which from their iluggifhnesand glutinoufnefslfuppofe to be much 
after the manner of the flicks in a Thorn-bufh,or a Lock of Wool;It will fol- 
low, I fay, that the parts will hold each other vefy ftrongly together, and in- . 
deavour to draw each other neerer together , and.conlequently their T ex- 
ture mud be very hard and ftiff, but very much rat ified. 

And this will make probable my next Pofition, That the parts of theGIafi 
are under a kind oftenfion or flexure^out of which they indeavour to extricate and 
free themfelves 3 and thereby all the parts draw towards the Center or middle, 
and would, if the outward parts would give way, as they do when the out- 
ward parts cool leifurely (as in baking of Glafie®) contract the bulk of the 
drop into a much Ids compafs. For fince.as 1 proved bcfore 5 the Internal parts 
of the drop, when fluid,were of a very rarified 1 exture-and^as it were,tos d 
open like a Lock of Wool, and if they were fuffered leifurely to cool, would 
be again preft, as it were,clofe together: And fince that the heat, which kept 
them bended and open, is removed , and yet the parts not fuffered to get as 
neer together as they naturally would , It follows, that the Particles remain 
under a kind of tenflon and flexure , and confequently have an indeavour to 
free themfelves from that bending and diflenflon, which they do, as foon as 
either the tip be broken, or as foon as by a leifurely heating and cooling, 

the parts are nealed into another pofture. 

And this will make my next Pofition probable,that the parts of theOlaji drops 
are contignated together in the form of an drch 3 and cannot any where yield or 
be drawn inwards, till by the removing of feme one part of it ( as it happens in 
the removing one of the ftones of an Arch)the whole Fabrick is flutter'd, and 
falls to pieces,and each of the Springs is left at liberty, fuddenly to extrica te it 
fclf ; for fince I have made it probable,that the internal parts of the Glafs have 
a contractive power inwards, and the external parts are incapable of fuch a 
Contraction, and the figure of it being fpherical;it follows, that the fuperficial 
parts muft bear againft each other , and keep one another from being con- 
dens d into a lefs room, in the lame manner as the Hones of an Arch conduce 
to the upholding each other in that Figure.And this is made more probable 
bv another Experiment which was communicated to me by an exce ent Per- 
fon whole extraordinary Abilities in all kind of Knowledg, especially in that 
of Natural things, and his generous Difpofition in communicating, incouraged 
me to have recourfe to him on many occalions. The Experiment was this . 
Small Glafs-balls ( about the bignefs of that represented in the Figure &.) 
would.upon rubbing or Scratching the inward Surface, fly all infunder, with 
a pretty brisk noife 5 whereas neither before nor after the inner Surface had 
been thus fcratcht, did there appear any flaw or crack. And putting the pie- 
ces of one of thofe broken ones together again , the flaws appeared much 
afterthe manner of the black linesonthe Figure, ^ Thefe Balls were fmalf, 
but exceeding; thick bubbles of Glafs , which being crack d offfiomth 
r million whifft very hot , and fo fuffered to cool without neahng them in 
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the Oven over the Furnace, do thereby (" being made of white Glafi, 

Leakinto’many pieces with a brisk noife, and throw the palts.above a 
fcan afunder on he Table: Now though the pieces are not To fcaH as 
diofe of a fulminating drop, yet they as pUinlylhew, that the outward 
parts of the Glafs have a great Conatus to fly afunder, were they not held 
together by the tenacity of the parts of the inward Surface : for we fee 
as loon as thofe parts are crazed by hard rubbing, and thereby their tena- 
city fpoiled, the fpringinefs of the more outward parts quickly makes a 
divulfion, and the broken pieces will, if the concave Surface of them be 
further fcratcht with a Diamond, fly again into fmaller pieces. 

From which preceding confiderations it will follow Sixthly , That the 
fudden flying afunder of the parts as foon as this Arch is any wheredifor- 
dcred or broken, proceeds from the fpringing of the parts ; which ,indea- 
vouring to extricate themfelves as foon as they get the liberty , they per- 
form it with fuch a quicknefs,that they throw one another away with very 
great violence for the Particles that Compofe the Cruft have a ' Cmatus 
to lye further from one another,and therefore as foon a$ the external parts 
are loefened they dart themfelves outward with great violence, juft as fo 
many Springs would do, if they were detained and faftened to the body, 
as foon as they fhould be fuddenly loofened; and the internal parts draw- 
ing inward, they contract: fo violently, that they rebound back again and 
fly into multitude of fmall fhiversor fands. Now though they appear 
not, either to the naked Eye, or the Microfiope 3 yet I am very apt to think 
there may be abundance of fmall flaws or cracks, which, by reafon the 
ftrong refle fling Air is not got between the contiguous parts, appear not. 
And that this may be fo , I argue from this , that I have very often been 
able to make a crack or flaw, in fbme convenientpieces of Glafs, to appear 
anddifappear atpleafure, according as by prelim g together, or pulling 
afunder the contiguous parts, I excluded or admitted the ftrong refleft- 
ing Air between the parts : And it is very probable, that there may be 
fome Body, that is either very rarified Air, or analogous to\t 3 

which fills the bubbles of thefc drops ; which I argue, firft, from the round- 
nefs of them, and next, from the vivid refleflion of Light which they ex- 
hibite ; Now though I doubt not , but that the Air in them is very much 
rarified, yet that there is fome in them, to fuch as well confider this Expe- 
riment of the di/appearing of a crack upon the extruding of the Air I 
fuppofe it will feem more then probable. 

The Seventh and kft therefore that I fhall prove, is. That the gradual 
beating and cooling of thefe fo extended bodies does reduce the parts of the 
Glafs to a toofer and fifter temper. And this I found by heating them, and 
keeping them for a prety while very red hot in a fire j for thereby I found 

cm to glow a little lighter , and the finall Stems to be very eafily bro- 
Kenand Inapt any where , without at all making the drop fly =, whereas 

H 2 before 
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feefojethey were fo exceeding hard,that they could not be broken with- 
out much difficulty ; and upon their breaking the whole drop would 
fly in pieces with very great violence. The Reafon of which Iaft feem s 
to be , that the ieifurely heating and cooling of the parts does not only 
waft fome part of the Glafs it felf , but ranges all the parts into abetter 
order, and gives each Particle an opportunity of relaxing its felf, and 
confeqnently neither will the parts hold fo ftrongly together as before>, 
nor be fo difficult to be broken : The parts now more ealily yielding, 
nor will the other parts fly in pieces , becaufe the parts have no bended 
Springs. The relaxation alfo in the temper of hardned Steel , and ham- 
mered Metals.by nealing them in the fire, feems to proceed from much the 
Fame caufe. For both by quenching fuddenly fuch Metals as have vitri* 
fied parts interfpers’d, as Steel has,and by hammering of other kinds that 
do notfo much abound with them, as Silver Brafs, d>c. the parts are put 
into and detained in a bended pofture , which by the agitation of Heat 
are fhaken, and loofened, and fuffered to unbend themfelves. 



Obferv. VIII. Of the fiery Sparks firuck from a Flint or 

SteeL 

I T is a Very common Experiment , by ftr iking with a Flint againft a 
Steel, to make certain fiery and fhining Sparks to fly out from between 
thofe two comprefling Bodies. About eight years fince , upon cafually 
reading the Explication of this odd Phenomenons by the moft Ingenious 
Des Cartes , I had a great defire to be fatisfied , what that Subftance was 
that gave fitch a fhining and bright Light : And to that end I fprcad a 
fheetof white Paper, and on it, obierving the place where feveraf of thefe 
Sparks teemed to vanifb, I found certain veryfinall, black, but gliftering 
Spots of a movable Subftance, each of which examining with my Mfcvo- 
copey found to be a fmall round Globule ; fome of which, as they looked 
prety final], fo did they from their Surface yield a very bright and ftrong 
reflection on that fide which was next the Light $ and each look'd almoft 
like a prety bright Iron-Ball, whole Surface was prety regular, fiich as is 
reprefented by the Figure A. In this F could perceive the Image of the 
Window prety well, or of a Stick, which I moved up and down between 
the Light and it. Others I found,whieh were, as to the bulk of the Ball, 
prety regularly round, but the Surface of them, as it was not very fmooth, 
but rough, and more irregular, fo was the reflection from it more faint and 
eonfofed. Such were the Surfaces of B. C. D. and E. Some ofthefel 
found cleft or cracked 1 , as C, others quite broken in two and hollow, as 
0. which feemed to be half the hollow fhelT of a Granado, broken irre- 
gularly in pieces. Several o thers 1 found of other Chapes 5 but that 
which is reprefented by E, I ebferved to be a very big Spark of Fire, 
which went out upon one fide of the Flint that! ftruck fire withaif, to' 

which 
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which it ftuck by the root F, at the end of which fmail Stem was faften- 
edon aHcwifvhere, or half a hollow Ball, with the mouth of it opra from 
the ftemwards, fo that it looked much like a Funnel, or an old faihioned 
Bowl without a foot. This night, making many tryals and obfervations 
of this Experiment, I met, among a multitude of the Globular ones which 
I hadobferved, a couple of Inftances, which are very remarkable to the 
confirmation of my Hypothecs. 

And the Fivft was of a pretty big Ball fattened on to the end or a imail 
fliver of Iron, which Compofitim feemed to be nothing elfe but a long thin 
chip of Iron, one of whole ends was melted intoa fmail round Globuljthe 
cither end remaining unmelted and irregular, and perfectly Iron. 

The Second Pittance was not lefs remarkable then the Fir ft $ for I 
found, when a Spark went out, nothing but a very ftnall thin lofig ftiver, 
of Iron or Steel , unmelted at either end. So that it teems, that feme of 
thefe Sparks are the Uivers or chips of the Iron vitrified , Others are on- 
ly the divers melted into Balls without vitrification , And the third kind 
are only fmail fliversof the Iron, made red-hot with the violence of the 
ftroke given on the Steel by the Flint. 

He that Chall diligently examine the Phenomena of this Experiment, 
will, I doubt not, find caufeto believe, that the reafcn I have heretofore 
given of it, is the true and genuine caufe of it, namely. That the Sparky 
appearing fb bright in the falling j$ nothing elfe but a final/ piece of the Steel 
or Flint , but mofi commonly of the Steely which by the violence of the flrobe 
is at the fame time fever d and heatt red-hot , and that fometimes to fitch a 
degree , as to make it melt together into a fmail Globule of Steel $ and fome- 
times alfo is that heat Jo very mtenfi , as further to melt it and vitrfie it ; but 
many times the heat is Jo gentle , as to be able to make the fliver only red hot 3 
which nottvithfianding failing upon the tinder ( that is only a very curious 
fmail Coal made of the fmail threads of Linnefi burnt to coals and 
char dj it eajily fits it on fire. Nor will any part of this Hypotkefis feera 
iti ange to him that confiders, Firft, that either hammering, or filing or 
otherwife violently rubbing of Steel, will prefefitly make it fo hot as to 
be able to burn ones fingers. Next , that the whole force of the ftroke 
is exerted upon that fmail part where the Flint and Steel firft touch : For 
t e odies being each of them fo very hard , the puls cannot be far com- 
municated, that is, the parts of each can yield but very little, and there- 
ore t e violence^ of the concuffion will be exerted on that piece of Steel 
5?“^ Fbyth - eFIint T] ? ird] y> that the filings or fmail parts of 
is there fp ^.T ,as ltwerc > to ^ fire^and are prefently red hot, that 
WhS t£ S 6a *17 fidphmcoUs Bodyiulron or Steel, 

lendy ^ y FeyS Up0n > as foon as the body is a little vio- 

of a G,ndt is f bviom VH of SteeI caft through the flame 

J u 5 H ? Ven ^ that fudd ™ *r«An of the fmail Chios of fmn 
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And in profecution of this Experiment, having taken the filings of Iron 
and Steel, and with the point of a Knife caft them through the flame of ;l 
Candle , I obforved where fome confpicuous fhining Particles fell , and 
looking on them with my Microfcope , I found them to be nothing elfe 
but fuch round Globules, as I formerly found the Sparks ftruck from the 
Steel by a ftroke to be, only a little bigger 5 and fhaking together all the 
filings that had fallen upon the fteet of Paper underneath, and obferving 
them with the Microfcope . I found a great number of fmall Globules, fucfi 
as the former, though there were alto many of the parts that had remain- 
ed untoucht, and rough filings or chips of Iron. So that,, it feems, Iron 
doe3 contain a very combufiibk fnlphureous Body, which is, in all likeli- 
hood, one of the caufes of this Phenomenon , and which may be perhaps 
very much concerned in the bufinefs of its hardening and tempering ; of 
which fcmewhat is faid in the Defcription of Mufiovy-glafs. 

So that, thefe things confidered, we need not trouble our felves to find 
out what kind of Pores they are, both in the Flint and Steel, that contain 
the Atoms of fire , nor how thofe Atoms come to behindred from run- 
ning all out , when a dore or paflage in their Pores is made by the con- 
cuffion ; nor need we trouble our felves to examine by what Prometheus 
the Element of Fire comes to be fetchtdown from above the Regions of 
the Air, in what Cells or Boxes it is kept, and what Epimetheus lets it go : 
Nor to confider what it is that caufes fo great a conflux of the atomical 
Particles of Fire, which are faid to fly to a flaming Body, like Vultures or 
Eagles to a putrifying Carcafs, and there to make a very great pudder. 
Since we have nothing more difficult in this Bypothefis to conceive, firft, 
as to the kindling of Tinder, then how a large Iron-bullet, let fall red or 
glowing hot upon a heap of Small-coal , Ibould fet fire to thofe that are 
next to it firft : Nor fecondly, is this laft more difficult to be explicated, 
then that a Body, as Silver for Inftance, put into a weak Menfiruum, as 
unredified Aquafortis fliould , when it is put in a great heat , be there 
difiolved by it, and not before ; which Bypothefis is more largely explica- 
ted in the Defcription of Charcoal. To conclude, we fee by this In- 
ftance, how much Experiments may conduce to the regulating of Philo- 
fophical notions. For if the moft Acute Des Cartes had applied hirafelf 
experimentally to have examined what fubftance it was that cauled that 
finning of the falling Sparks ftruck from a Flint and a Steel he would 
certainly havea little altered his Bypothefis and weftould havefound, 
that his Ingenious Principles would have admitted a very plaufible Ex- 
plication of this vh&nomenon--, whereas by not examining fofar as he 
might , he has fet down an Explication which Experiment dos contra- 

dl But before I leave this Defcription, I muft not forget to take notice of 
the Globular form into which each of thefe is moft curioufly formed. 
And this Phenomenon, as I have elfewhere more largely ffiewn, proceeds 
from a propriety which belongs to ail kinds of fluid Bodies more or 
left, and is dufed by the Incongruity of the Ambient and tnclnded Flmd, 
which fo a&s and modulates each other , that they acquire, asreer »■> 
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pofltble, a fperical or globular form, which propriety and feveral ofrhe 
phenomena that proceed from it, 1 have more fully explicated in the hxth 

1 Chie Experiment, which does very much illuffrate toy prefont Explica- 
tion, and is in it felf exceeding pretty, Imuft notpafsby : And that^s a 
way of making {maWGlobules or Balls of -Lead, or Tin, as fmall aimoft as 
thefe of Iron or Steel, ■ and that exceeding eafily and quickly, by turning 
the filings or chips of thofe Metals alfo into perfectly roimd Qlobnks, 
The way, in ftort 3 as I received it from the Learned Phyfitian Dottor Gi 
is this ^ 

Reducethe Metal ydu would thus fhape, into exceeding fine filings* 
the finer the filings are, the finer will the Balls be: Stratifie thefe filings 
wit h the fine and Veil dryed powder of quick Lime in a Crucible propor- 
tioned to the quantity you intend to make : When you have thus filled 
your Crucible ^ by continual firatifimtions of the filings and powder, fo 
that, as neer as may be, no one of the filings may touch another, place the 
Crucible in a gradual fire , and by degrees let it be brought to a heat big 
enough to make all the filings, that are mixt with the quick Lime, to melt, 
and no more ; for if the fire be too hot , many of thefe filings will joyn 
and run together ^ whereas if the heat be proportioned , upon wafting 
the Lime-dnft in fair Water , all thofe fmall filings of the Metal will fob- 
fide to the bottom in a moft curious powder , confifting all of exactly 
round Globules , which, if it be very fine, is very excellent to make Hour- 
glafies o£ 

Now though quick Lime be the powder that this dire&ion makes 
choice of, yet I doubt not, but that there may be much more convenient 
ones found out, one of which I have made tryal of, and found very effe- 
ctual 5 and were it not for difeovering, by the mentioning of it, another 
■Secret , which I am not free to impart , I ftould have here in for ted. 



Oblerv, IX. Of the Colours obfervuble itt Mufcovj Glafs 7 and 

other thin Bodies, 

M Ofcovy-gIafi,or Lapis jpecularkys a Body thatfeems to have as ma- 
ny Luriofities in its Fabrick as any common Mineral I have met 
wnn: for firft. It is tranfmrent to a great thicknefs: Next, it is com- 
pounded of an infinite number of thin flakes joynedor generated one 
Xfmn 0 ^ 1 " A° ?-° 3 fmo , oth ’* S with man y hundreds of them to make 
care f Tnd dir^ ^ at< l 0f ^. tr ? nf P^ ent fle «hle fubftance,which with 
hardlv Derceiv^M ° if 13 l ^ tC m f° P* eces exceedingly thin as to be 

the thinneft Hi ° ^ ^ C e y e > anc ^ y et even thofo, which I have thought 

other Plates 5 ^ a ^l cr0 fifP e found to be made up of many 

lates, yet thinner 5 and it is probable, that, were our Mhrofiopl 
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much better, we might much further difcov er its divifibiHty. , Nor are 
thefe flakes only regular as to the ftnoothnefs of their Surfaces * but third- 
ly , In many Plates they may be perceived to be terminated naturally 
with edges of the figure of a Rhomboeid. This Figure is much more con- 
spicuous in our Ehglifh talk, much whereof is found in the : Lead Mines, 
and is commonly caUed^ar, and Kauck , which is of the lame kind of 
fubftance with the S denit is, but is feldom found in fo large flakes as that 
is, nor is it altogether fo tuff, but is much more clear and tranfparent,and 
much more curioufly lhaped , and yet may be cleft and flak’d like the o- 
ther Seknitk. But fourthly, this hone has a property, which in refpeft 
of the Microfcope , is more notable, and that is, that it exhibits feveral ap- 
pearances of Colours, both to the naked Eye, but much more confpicu- 
oully to the Mtcrofcope ^ for the exhibiting of which , I took a piece of 
Mnfcovy-glafs, and fplitting or cleaving it into thin Plates, I found that up 
and down in feveral parts of them I could plainly perceive feveral white 
fpecks Or flaws, and others diverlly coloured with all the Colours of the 
Rainbow 5 and with the Microfcope I could perceive , that thefe Colours 
were ranged in rings that incompafied the white fpeck or flaw, and were 
round or irregular, according to the firape of the fpot which they termi- 
nated $ and the pohtion of Colours, inrefpeftof one another, was the 
very lame as in the Rainbow* The conlecution of thofe Colours from the 
middle of the fjpot outward being Blew, Purple, Scarlet, Yellow, Greeny 
Blew, Purple, Scarlet, and lb onwards, lometimes half a feore times re- 
peated, that is, there appeared fiX jfeven^ightmine or ten feveral coloured 
rings or lines, each incircling the other, in the feme manner as I have of- 
ten feen a very vivid Rainbow to have four or five feveral Rings of Co- 
lours, that is, accounting all the Gradations between Red and Blew for 
one ; But the order of the Colours in thefe Rings was quite contrary to 
the primary or innermoft Rainbow, and the fame with thofe of the fecon- 
dary or outermoft Rainbow j thefe coloured Lines or Jrijes, as Imayfo 
call them , were fome of them much brighter then others , and feme of 
them allb very much broader, they being feme of them ten, twenty, nay, 
I believe, neer a hundred times broader then others ; and thofe ufually 
were broadilh which were neerell the center or middle of the flaw. And 
oftentimes I found , that thefe Colours reacht to the very middle of the 
flaw, and then there appeared in the middle a very large fpot , for the 
molt part, all of qne colour , which was very vivid , and all the other 
Colours incompaffing it, gradually afeending, and growing narrower to- 
wards the edges, keeping the feme order , as in the feemdary Rainbow, 
that is, if the middle were Blew, the next incompaffing it would be a Pur- 
ple, the third a Red, the fourth a Yellow, &c. as above 5 lithe middle 
were a Red, the next without it would be aYellow,thethird a Green, the 
fourth a Blew, and fo onward,. And this order it alwayes kept what- 
ever were the middle Colour. 

There was further obfervable in feveral other parts of this Body, ma- 
ny Lines or Threads,each of them of feme one peculiar Colour, and thofe 
fo exceedingly bright and vivid , that it afforded a very pleafento je 
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rtirnusrii the Microfcope. Some of thefe thread* 1 have obferved a lib to 
beSed or made up of feveral ffiort lengths of differently coloured 
Vnl ( asl may fo call them) as a line appearing about two inches long 
through the Microfcope , has been compounded of about half an inch of 
' Ppach colour, w of a lovely Crafs-green, i of an inch more of a bright 

Scarlet and the reft of the line-of a Warchet blew; Others of them were 
- 3 * j* tnviptrt hpint* infimfp. Another 
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much othenvife coloured 5 the variety being aliuofl: infinite. Another 
thing which is very obfervable, is, that if you find any place where the 
colours are very broad and eonfpicuous to the naked eye, you may, by 
preffing that place with your finger, make the colours change places, and 

go from One part to another. _ 

There is one Phenomenon more, which may, if care be uled, exhi- 
bit to the beholder, as it has divers times to me, an exceeding pleafenr, 
and not lefsinftru&ive Spectacle 5 And that is, if curiofity and diligence 
be ufed , you may fo fplit this admirable Subftance , that you may have 
pretty large Plates ( in comparifon of thofe friialler ones which you may 
cbfcrve in the Rings ) that are perhaps an i or a f 'part of an inch over, 
each of them appearing through the Microfcope moft curioufly, intirely, 
and uniformly adorned with feme one vivid colour : this, if examined 
with the Microfcope , maybe plainly perceived to be in all parts of it e- 
qually thick. Two, three, or more of thefe lying one upon another, ex- 
hibit oftentimes curious compounded colours , which produce fuch a 
Compofttum , as one would fearce imagine fhould be the refiilt of filch /#- 
gredients : As perhaps a faint yellow and a blew may produce a very deep 
purple. But when anon we come to the more ftridt examination of thefe 
Phenomena, and to inquire into the caufes and reafbns of thefe producti- 
ons, we fha]l,I hope , make it more conceivable how they are produced, 
and fhewthemtobe no other then the natural and neceflary effects ari- 
fingfrom the peculiar union of concurrent caufes, 

Thefe Phenomena being fo various, and fo truly admirable, it will cer- 
tainly be very Well worth our inquiry , to examine the caufes and reafbns 
®f them,and to confider, whether from thefe caufes dcmonftratively evi- 
denced , may not be deduced the true caufes of the production of all 
kind of Colours. And I the rather now do it , inftead of an Appen- 
dix or Digreffion to this Hiftory, then upon the occafion of examining 
the Colours in Peacocks, or other Feathers, becaufe this Sub ieCt as it 
does afford more variety of particular Colours , fo does it afford much 
better wayes of examining each circumftance. And this will be made 
manireft to him that confiders , firft , that this laminated body is more 
anple and regular then the parts of Peacocks feathers, this confiftmg on- 
ly of an indefinite number of plain and fmooth Plates, heaped up ox in - 
cnmbm on each other. Next, that the parts of this body are much more 
manageable, to be divided or joyned, then the parts of a Peacocks fea- 

.1 T co * ourle ^ kody to produce feveral coloured bodies 

Vat l" y . of Co,ourt “Wginable : And feveral others 
which the fubfequent Inquiry will make manifeft. 
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To begin therefore, it is manifeft from feveral circumftances, that the 
material caufe of the apparition of thefe feveral Colours , is Come Lmin^ 
or Plate of atranfparent or pellucid body of a thicknds very determi- 
nate and proportioned according to the greater or lefs refractive po Wer 
of the pellucid body* And that this is fo, abundance of Inftances and p ar . 
ticular Circumftances will make manifeft. 

Asflrft , if you take any ftnall piece of the Mufcovy-glafs , and with a 
Needle , or feme other convenient Inftrument, cleave it oftentimes into 
thinner and thinnef Lamina, you (hall find, that till you come to a deter- 
minate thinnefs of them, they Ihall all appear tranfparent and eolourlef, 
but if you continue to iplit and divide them further, you fhall findatlaft* 
•that each Plate, after it comes to fuch a determinate thicknefs, flail ap- 
pear moft lovely ting’d or imbued with a determinate colour. If further, 
by any means you fo Saw a pretty thick piece, that one part does begin 
to cleave a little from the other, and between thofe two there be by any 
means gotten fome pellucid medium, thofe laminated pellucid bodies that 
fill that fpace, Ihall exhibit feveral Rainbows or coloured Lines, the co- 
lours of which will be difpofed and ranged according to the varipits 
thickneffes of the feveral parts of that Plate. That this is fo, is yet fur* 
tier confirmed by this Experiment. 

Take two fmall pieces of ground and polilht Looking-glafi-plam, 
each about the bjgneft of a (hilling, take thefe two dry, and with yout 
fore-fingers and. thumbs prefs them very hard and clofe together, and you 
Cull find, that when they approach each other very near, there will ap- 
pear feveral Irifes or coloured Lines, in the fame manner almoft as in the 
Mufcovy-glafs^ and you may very eafily change any of the Colours of 
any part of theiaterpofed body, by prefiing the Plates clofer and hard- 
er together, or leaving them more lax* that is,a part which appeared co- 
loured with a red, may be prefently ting’d with a yellow, blew, green, 
purple , or the like, by altering the appropinquation of the terminating 
Plates.Now that air is not necefiary to be the interpofed body, but that 
any other tranfparent fluid will do much the lame, may be tryed by wet- 
ting thofe approximated Surfaces with Water , or any other tranfparent 
Liquor, and proceeding with it in the fame manner as you did with the 
Air* and you will find much the like effeft, only with this difference, 
that thofe compreft bodies, which differ moft, in their refia&ive quality, 
from the compreffing bodies, exhibit the moft ftrong and vivid tin- 
ctures. Nor is it necefiary , that this laminated and ting d body fhould 
be of a fluid fubftance , any other fubftance , provided it be thin enough 
and tranfparent, doing the fame thing : this the Lamina of our Mfcovp- 
gkfsixmt * but it may be confirm’d by multitudes of other Inftances. 

Andfirft, we Ihall find, that even Glafs it felf may, by the help of a 
Lamp , be blown thin enough to produce thefe Phenomena of Co- 
lours: which Phenomena accidentally happening, as I have been 
attempting to frame finall Glafies with a Lamp , did not a little furprize 
me at firft, having never heard or feejo any thing of it before* 
though afterwards comparing it with the Phenomena , 1 had often 

obferved 
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obferved in thofe Bubbles which Children ufe to make with Soap- water, 

I did the left wonder 5 efpeciatly when upon Experiment I found, I was 
able to produce the lame Phenomena in thin Bubbles made with any 
other tranfparent Subftance. Thus have I produced them with Bubbles 
of Pitch, Kojin, Colophony ^Turpentine, Solutions of feveral Gums, rfs' Gum- 
Ardbick^m water * any glutinous Liquor,as Wort, Wine, Spirit of Wine, Opt 
of Turpentine, Glare of Snails , See. 

It would be needlefs to enumerate the feveral Inftances , thefe being 
enough to fhew the generality or univerfality of this propriety. Only I 
muftnot omit, that we have inftances alfb of this kind even in metalline 
Bodies and animal * for thofe feveral Colours which are obferved to fol- 
low each other upon the polifht forface of hardned Steel, when it is by a 
fufficicnt degree of heat gradually tempered orlbftened, are produced 
from nothing elfe but a certain thin Lamina of a vitnntt or vitrified part 
of the Metal, which by that degree of heat, and the concurring adtlon of 
the ambient Air,is driven out and fixed on the furface of the Steel. 

And this hints to me a very probable ( atleaft, if not the true) caufe 
of the hardning and tempering of Steel, which has not, I think, been yet 
given,nor, that I know of been fo much as thought of by any. And that . 
is this, that the hardnefs of it arifes from a greater proportion of a vitrifi- 
ed Subftance interfperfed through the pores of the Steel. And that the 
tempering or foftning of it arifes from the proportionate or fmall er parcels 
of it left within thofe pores. This will feem the more probable , if we 
confider thefe Particulars. 



and tuff 5 that is, will indure bending and hammering, and yet retain their 
continuity. ^ 

Next, That the Parts of all vitrified Subftances, as all kinds of Glafs, 
the Scoria 01 Metals, &c. are very hard, and allb very brittle, being nei- 
ther flexible nor malleable , but may by hammering or beating be broken! 
into fmall parts or powders. 

Thirdly, That all Metals f excepting Gold and Silver , which do not 

", other faline Bodies) da 

ZSnln 6 “'"ftbyAeftrengtli of fire, that is, arecortodedbyafa- 
hne Subftance, which Ielfewhere (hew to be the true cattle of fire! and 

this intoScl ’ r '‘‘ 5 And 

iSn£ ™ 'v * f ’ th ™> b 9 hlmilb - Th “ i™ and Copper by 

arceSri? c°eo m a " ° f th ,™ b >' de R rees int0 which 

are e\ idently -vitrified Subftances , and unite with Glafs and are pafiKr 

toy hard, andvery brittle ^ 

Fourthly, That moft kind of Vitrifications or Calcinations are made htr 
be t0 W, ‘ h 
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Sixthly, That any Iron may ? in a very little time, be cafe hardmd , as 
the Trades-mencall it, by cafing the iron to behardned with clay, and 
putting between the clay and iron a good quantity of a mixture of Vrine, 
Sooty Sea fait, and Horfes hoofs (all which contcin great quantities of Sa- 
line bodies) and then putting the cafe into a good ftrong fire, and keep- 
ing it in a confiderable degree of heat for a good while, and afterwards 
heating, and quenching or cooling it fuddenly in cold water. 

Seventhly, That all kind of vitrify d fubftances,by being fuddenly cool’d, 
become very hard and brittle. And thence arifes the pretty Phenomena 
of the Glafs Drops, which I have already further explained in its own 

Eighthly, That thofe metals which arc not fo apt to vitrifie, do not ac- 
quire any hardnefs by quenching in water, as Silver, Gold, See. 

Thefe considerations premis’d, will, I fuppofe, make way for the more 
eafie reception of this following Explication of the Phenomena of hardned 
and temper’d Steel. That Steel is a fubftance made out of Iron, by means 
of a certain proportionate Vitrification of feveral parts, which are fo cu- 
rioufly and proportionately mixt with the more tough and unalter d parts 
of the Iron, that when by the great heat of the fire this vitrify ’d l'ub- 
ftance is melted, and confequently rarify’d, and thereby the pores of 
the Iron are more open, if then by means of dipping it in cold water it 
be fuddenly cold, and the parts hardned, that is, hay’d in that feme de- 
gree of Expanfion they were in when hot, the parts become very hard 
and brittle, and that upon the fame account almoft as fmall parcels of 
glafs quenched in water grow brittle, which we have already explicat- 
ed. If after this the piece of Steel be held in feme convenient heat,tili by 
degrees certain colours appear upon the furface of the brightned metal, 
the very hard and brittle tone of the metal, by degrees relaxes and be- 
comes much more tough and foft ; namely, the action of the heat does 
by degrees loofen the parts of the Steel that were before breached or fet 
atilt at it were, and flayed open by each other, whereby they become 
relaxed and fet at liberty, whence fome of the more brittle interjacent 
parts are thruft out and melted into a thin skin on the furiace of the Steel, 
which from no colour increafes to a deep Purple, and fo onward by thefe 
gradations or confecurions. White , Yellow, Orange , Minium , Scarlet, Purple, 
Elen? Watchet, &c. and the parts within are moij conveniently, and pro- 
portionately mixt 5 and fo they gradually fubfide into a texture which 
is much better proportion’d and clofer joynd, whence that ngidncQe 
of parts ceafes, and the parts begin to acquire their former duUtl- 

*Now,that ’tis nothing but the vitrify’d metal that flicks upon the furface 
of the. colour’d body, is evident from this, that ifby any means it be fera- 
pedandrubb’d off,themetal underneath it is white and cleared if it be 
keot longer in the fire, fo as to increafe to a confiderable thieknefs, it 
^^K^ebeain offin flakes. This is further confirm^ by th, 
oblrvlble, that that Iron or Steel will keep longer from tufting winch 
is covered with this vitrify d cafe : Thus alfo Lead will, by degrees, be 
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ii MWn i lirharp-e; for that colour which covers the top being 

» i - “"*8 but * lithar s c or 

''T^sls^oblervablc alfo in fome fort, on draft, Copper, Silver, Gold, 
Tin but is moft confoicuous in Lead : all thofe Colours that cover the 
furface of the Metal being nothing elfe , but a very thm vitrifi d part 
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°^Thc other Inftance we have, is in Animal bodies, as m Pearls, Mother 
of Pearl-fhels, Oyfrcr-fhels, and almoft all other, kinds of flonylheis 
whatfoever. This have I alfo fometimes with pleafore obferv eleven 
in Mufcles and Tendons. Further, if you take any glutinous fubftance 
and run it exceedingly thin upon the furface of a imooth glafs or a po- 
lifht metaline body, you fhall find the like efFefts produced : and in 
general, wherefoever you meet with a tranfparent body thin enough, 
That is terminated by refledring bodies of differing refractions from it, 
there will be a production of thefe pleafing and lovely colours. 

Nor is it neceflary, that the two terminating Bodies fttould be both of 
the rime kind, as may appear by the vitrified Lamina on Steel, Lead , and 
other Metals, one furface of which Lamina is contiguous to the furface of 
the Metal, the other to that of the Air. 

Nor is it neceffary, that thefe colour’d Lamina fhould be of an even 
thieknefs, that is, fhould have their edges and middles of equal thieknefs, 
as in a Looking-glafs-plate, which cirtumftance is only requifite to make- 
the Plate appear all of the fame colour 5 but they may refemble a Lens, 
that is, have their middles thicker then their edges, or elfe a double con- 
cave, that is, be thinner in the middle then at the edges 5 in both which 
cafes there will be various coloured rings or lines, with differing confecu- 
tionsor orders of Colours , the order of the firft from the middle out- 
wards being Red, Yellow, Green, Blew, &c. And the latter quite con- 
trary. 

Eut further, it is altogether neceflary, that the Plate, in the places 
where the Colours appear, fhould be of a determinate thieknefs : Firft, It 
muft not be more then fuch a thieknefs, for when the Plate isincreafed to' 
fuch a thieknefs , the Colours ceafe ; and befides, I have feen in a thin 
piece of Mufcovy-glafs, where the two ends of two Plates, which appear- 
ing both fingle , exhibited two diftincx and differing * Colours ; but 
in that place where they were united, and conftituted one double Plate 
(as I may call it ) they appeared tranfparent and colourlefs. Nor, Se- 
cond ly , may the Plates be thinner then fuch a determinate cite 5 for we 
alwayes find, that the very outmoft Rim of thefe flaws is terminated in 
a white and colourlefs Ring. 

Further, in this Prod u& ion of Colours there is no need of a determi- 
nate Light of fuch a bignefs and no more , nor of a determinate pofition 
ot that Light, that it fhould be on this fide, and not on that fide } nor of a 
term mating fhadow, asm the Prifme, and Rainbow, or Water-ball : for 

j Zt v hat R he Ught I" th r e 0pen Air = ekher in or out °f the Sun-beams, 
and Wlthin a Room = either from one or many Windows, produces much ’ 
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the fame effed : only where the Light is brighteft, there the Colours are 
moft vivid. So does the light of a Candle , colleded by a Glafs-ball, 
And further , it is all one whatever fide of the coloured Rings be to-* 
wards the light 5 for the whole Ring keeps its proper Colours from the 
middle outwards in the lame order as I before related , without varying 
at all, upon changing the pofition of the light. 

But above all it is mod obfervable, that here are all kind of Colours 
generated in apeZWTf body, where there is properly no fuch refrafti 0n as 
Des Cartes fuppofe his Globules to acquire a verticity by ; For i n the 
plain and even Plates it is manifeft, that the fecond refraftion ( accord- 
ing to Des Cartes his Principles in the fifth Section of the eighth chapter 
of his Meteors ) does regulate and reftore the fiippofed turbinated Gk, 
bnhs unto their former uniform motion. This Experiment therefore will 
prove fitch a one as our thrice excellent Verulant calls ExperimenttimCrn - 
cis, ferving as a Guide or Land-mark , by which todired ourcottrlein 
the fearch after the true caufe of Colours. Affording us this particular 
negative Information, that for the produdion of Colours there is not De- 
cenary either a great refraction, as in the Prifme j nor Secondly, a deter- 
mination of Light and fhadow , fiich as is both in the Prifme and Glafs- 
ball. Now that we may fee like wife what affirmative and pofitive Inflrn- 
dion it yields,it will be necefiary,to examine it a little more particularly 
and ftri&Iy ; which that we may the better do , it willbe requifite to 
premife fbmewhat in general concerning the nature of Light and Refra- 
dion. 



vn* 

And firft for Light,it feems very manifeft, that there is no luminous Bo- 
dy but has the parts of it in motion more or lefs. 

Fil'd, That all kind of fiery burning Bodies have their parts in motion, 
I think, will be very eafily granted me. That the fparK ftruck from a 
Flint and Steel is in a rapid agitation, I have elfewhere made probable. 
And that the Parts of rotten tV oodyotten Fz/S,and the like, are alfo in mo- 
tion, I think, will as eafily be conceded by thofe, who confider, that thofe 
parts never begin to fhine till the Bodies be in a date of putrefaffion} 
and that is now generally granted by all , to be caufed by the motion of 
the parts of putrifying bodies. That the Bononian flone Chines no lon- 
ger then it is either warmed by the Sun-beams, or by the flame of a Fire 
or of a Candle, is the general report of thole that write of it, and of 
others that have feen it. And that heat argues a motion of the internal 
parts, is ( as I faid before ) generally granted. 

But there is one Inftance more , which was firft Chewn to the Royal So- 
ciety by Mr. Clayton a worthy Member thereof, which does make this As* 
lemon more evident then all the reft : And that is, That a Diamond e- 
ing rub'd, firnckj, or heated in the dark, fhines for a pretty while after, 10 
long as that motion, which is imparted by any of thofe Agents, remains 
fin the fame manner as a Glafs,rubb d,ftrnck,or(by a means which I a 
elfewhere mention heated, yields a found which lafts as long as the vt 
brating motion of that fionorous body ) feveral Experiments made on 

which Stone, are fince publifbed in aDifcourfeof Colours, by the truly 
3 honom 
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% to examine them my felf, nor to He inform’d by any ptfipfs, that had 
obferv’d them f And the relations pf them in Author* a.re fojmpejfeft, 
that noting can be built on them. But 1 hope I fhall be abfoja 
place to make it at leaf! very probable, that there is even IP thole alto a 
Motion which caufesthis efieft. That.theftiimng pf ^-^ preyeeds 
from the fame caufe, may be argued from this. That it fhines [not tjU eir 
tfier it He beaten agafoft a Rock, or be feme other wiy& Pf 

(ated by Storms, of Oses, or other petetijjjng bodies. And tliat the A- 
iumal£»e«ye/ or Spirituous agil parts are very a&tveim Cm- mf W 
they finned foems evident enough, becaufe their eyes uevey mine but 
when they look very intenfly either to find their prey, or befog hunted 
20 a dark room, when they feek after their ad yeifaiy, or to find a way to 
efoipe. Anti the like may be faid df the finning Bellies of Glpwor ms ^ 
fince ’tis evident they carl atpleafure either increafe or extifiguifh that 
Radiation. 

It would be fbmewhat too long a work for this place Zetetic oily to 
examine, and pofitively to prove, what particular kind of motion it is 
that muft be the efficient of Light 5 for though it be a motion, yet 'tis 
not every motion that produces it, fince we find there are many bodies 
V try violently mov’d, which yet afford not fuch an efieift 5 and there 
are other bodies, which to our other fenfcs, feem not mov’d fo much, 
w ! i ich yet fhine. Thus Water and quicksilver, and “moft other liquors 
heated, thine not; and feveral hard bodies, as Iron, Silver, Brafi,C.op= 
pc i . Wood, &c, though very often ftruck with a hammer, fhlhe hot pf e- 
tfiuly, though they will all of them grow exceeding hot j whereas rot- 
ten \v cod, rotten Fifh, Sea water, Glo worms, &c t , have notliingof tan- 
gible heat in them, and yet ( where there is no ftronger light to affed the 
bu Tory; they fhine fome of them fo Vividly, that One may make a fhift 
tu tead by them. 

It would be too long, I fay, here to infort the difeurfive progrefs by 
w luchl inquir d after the proprieties of the motion of Light, and there- 
fore I fhall only add the refult. 

And, Firft, I found it ought to be exceeding^, f uc h as thofe ^ 
vm rtf*»*t*io* imd putrefaction, whereby, certainly, the parts are 
exceeding nimbly and violently mov d 5 and that, becaule we hod thofe 



: moti- 




r , „ f , 1 the Burning body, made by the m&miver- 

^^^ um ^ f^fi^hureous bodies, namely,, the Air, we fhall in an 
oher place of this Traftate endeavour to make probable. And that 

lli-t i" eamIy ^ ft “ in g bodies = there is a very quick motion tha^ 



caufes Light, as well as a mole rebuff that baufes 
h orn the celerity wherewith the b.odyes are diflblv’d. J g 

Andforthisthe newly mention’d 
Diamond* ffords us a good argument 5 fince if the inotfon of the pam did 
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not returnee Diamond muft after many rubbings decay and be Wafted', 
but we have no reafbn to fufpeft the latter, elpecially if we conftder 
the exceeding difficulty that is found in cutting or wearing away a Di- 
amond. And a Circular motion of the parts is much more improbable" 
fince, if that were granted, and they be fuppos’d irregular and Angul ar ’ 
parts, I fee not how the parts of the Diamond fhould hold fo firmly t0 . 
gether, or remain in the fame fenfible dimenfions, which yet they do. 
Next, if they be Globular , and mov’d only with a turbinated motion I 
know not any caufe that can imprefs that motion upon the pellucid me. 
dium . , which yet is done. Thirdly, any other irregular motion of the 
parts one amongft another, muft neceflarily make the body of a fluid 
confiftence, from which it is far enough. It muft therefore be 
ting motion. 

And Thirdly, That it is a very fieri vibrating motion, I think the in- 
■ ftances drawn from the ftiining of Diamonds will alfo make probable* 
For a Diamond being the hardeft body we yet know in the World, and 
confequently the leaft apt to yield or bend, muft confequently alio have 
its vibrations exceeding fhort. 

And thefe,Ithink, are the three principal proprieties of a motion, re* 
guiftte to produce the effeft call’d Light in theObjeft. 

The next thing we are to conftder, is the way or manner of the traje* 
Uion of this motion through the interpos’d pellucid body to the eye; 
And here it will be eafily granted, 

Firft, That it muft be a body Jufceptible and impartible of this motion 
that will deferve the name of a Tranfparent. And next, that the parts of 
fuch a body muft be Homogeneous, or of the fame kind. Thirdly, that the 
conftitution and motion of the parts muft be fuch, that the appulfe of the 
luminous body maybe communicated or propagated through it tothe 
greateft imaginable diftance in the leaft imaginable time} though I fee 
no reafbn to affirm, that it muft be in an inftant : For I know not any one 
Experiment or obfervation that does prove it. And, whereas it may be 
obje&ed,That we fee the Sun rifen at the very inftant when it is above 
the fenfible Horizon, and that we fee a Star hidden by the body of the 
Moon at the fame inftant, when the Star, the Moon, and our Eye are all 
in the fame line ; and the like Obfervations, or rather fuppofitions, may 
be urg’d. I have this to anfwer, That I can as eafily deny as they affirm; 
for I would fain know by what means any one can be allured any more 
of the Affirmative, then I of the Negative. If indeed the propagation 
were very flow, tis poffible fomething might be difcovered by Eclyp* 
fes of the Moon , but though we fhould grant the progrefs of the light 
from the Earth to the Moon, and from the Moon back to the Eartha- 
gain to be full two Minutes in performing, I know not any pomble 
means to difcoverit ; nay, there may be lome inftances perhaps of Ho- 
rizontal Eclypfes that may feem very much to favour this fuppoutiono 
the flower progreffion of Light then moft imagine. . And the like mj 
be laid of the Eclypfes of the Sun, &c. But of this only by the )• 
Fourthly, That the motion is propagated every way through 
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aeneous medium by dtreB or firaight lines extended every way like Rays 
from the center of a Sphere. Fifthly, in an Homogeneous medium this mo- 
tion is propagated every way with equal velocity , whence neceflarily eve- 
rv puli or nitration of the luminous body will generate a Sphere, which 
will continually increafe, and grow bigger, juft after the fame manner 
f though indefinitely fwifter) as the waves or rings on the imiace ot the 
water do fwell into bigger and bigger circles about a point of i t, where; 
by the finking of a Stone the motion was begun, whence it neceflanly fol- 
lows, that all the parts of thefe Spheres undulated through an Homogene- 
ous medium cut the Rays at right angles. 

But becaufe all tranfparent mediums are not Homogeneous to one an- 
other,therefore we will next examine how this pulfe or motion will be 
propagated through difleringly tranfparent mediums. And here, ac- 
cording to the mofi acute and excellent Philofbpher Des Cartes , I fup- 
pofe the fign of the angle of inclination in rhe firft medium to be tci 
the fign of refraftion in the fecond. As the denfity of the firft, to the 
denfity of the fecond. By denfity, I mean not the denfity in refpedt of 
gravity (with which the refraftions or tranfparency of mediums hold no 
proportion) but in refpett onely to the irajeUion of the Rays of light, in 
which refpeft they only differ in this } that the one propagates the pulfe 
more eafily and weakly, the other more flowly, but more ftrongly. But 
as for the pulfes themfelves, they will by the refraftion acquire another 
propriety, which we fhali now endeavour to explicate. 

We will fuppofe therefore in the firft Figure AC F D to be a phyfical 
Ray, or A B C and D E F to be two Mathematical Rays, traje&ed from 
a very remote point of a luminous b ody through an Homogeneous tranlpa- 
rent medium LL L, and DA, E B, F C, to be fmall portions of the or- 
bicular impulfes which muft therefore cut the Rays at right angles ; thefe 
Rays meeting with the plain furface NO of a medium that yields an 
eafier tranfitus to the propagation of light, and' falling obliquely on it; 
they will in the medium MMMbe refra&ed towards the perpendicular 
of the furface. And becaufe this medium is more eafily traje&ed then 
the former by a third, therefore the point G of the orbicular pulfe FC 
will be mov’d to H four fpaces in the fame time that F the other end of 
it is mov’d to G three fpaces, therefore the whole refrafted pulfe G H 
Jhall be oblique to the refracted Rays C H K and G I ; and the angle G H C 
fhali be an acute, and fo much the more acute by how much the greater 
the refraction be, then which nothing ismore evident, for the fign of the 
inclination is to be the fign of r eft a ion as GF to T C the diftance be- 
tween the point C and the perpendicular from G on CK, which being as 
four to three, H C being longer then G F is longer alfo then T C there- 

angles. K GH and IK are movd afcew » cut the Rays at oblique 

thir J ln , th L s p]ace to ^ et down reafbns why this or 

r * ^ the Rays rnore^others lels : as why Water fhonfd 

traafmit thcRaysmore^fily,, hough niorc weakly 
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much in general I (hall hint, that I fuppofe the medium M M M to have J«fe 
of the tranfparent undulating fubtile matter, and that matter to be l c fs 
implicated by it, whereas LLL I fuppofe to contain a greater quantity 
of the fluid undulating fubftancc,and this to be more implicated with the 
particles of that medium. 

But to proceed, the fame kind of obliquity of the PuHesand Rays will 
happen alfo when the refra&ion is made out of a more eafie into a more 
difficult mediii , as by the calculations of G Q_& C S R which are refrafted 
from the perpendicular. In both which calculations ’tis obvious to obfe rVe , 
that always that part of the Ray towards which the refraction is made 
has the end of the orbicular pulje precedent to that of the other fide. And 
always,the oftner the refraction is made the lame way, Or the greater the 
Angle refraCtion is, the more is this unequal progrefs. So that having 
found this odd propriety to be an infeparable concomitant of a refra&ed 
Ray, not ftrcightned by a contrary refraCtion, we will next examine the 
refraCtions of the Sun-beams, as they are fufferd onely to pafs through a 
finall paflage, obliquely out of a more difficult, into a more eafie medium. 

Let us fuppofe therefore ABC in the fecond Figure to reprefent 
a large Chmical Glafs-body about two foot long, filled with very fair Wa- 
ter as high as A B, and inclin'd in a convenient pofture with B towards 
the Sun : Let us further fuppofe the top of it to be cover’d with an opa- 
cons body, all but the hole a. b, through which the Sun-beams are fufier’d 
to pafs into the Water, and are thereby refratted to cdef, againft which 
part, if a Paper be expanded on the outfide, there will appear all the co- 
lours of the Rain-bow, that is, there will be generated the two principal 
colours, Scarlet and Blue, and all the intermediate ones which anfefrom 
the compofitlon and dilutings of thefe two, that is, c d (ball exhibit a 
Scarlet , which toward d is diluted into a TeUoro } this is the refraCtion of 
the Ray, ift, which comes from the underfide of the Sun =, and the Ray 
ef fhall appear of a deep Blue, which is gradually towards e diluted in- 
to a pale Watchet-blue . Between d and e the two diluted colours, Blue 
and Tellovo are mixt and compounded into a Green , and this I imagine to 
be the reafon why Green is fo acceptable a colour to the eye, and that 
either of the two extremes are, if intenfe, rather a little ofienfive, name- 
ly, the being plac’d in the middle between the two extremes, and com- 
pounded out of both thofe, diluted alfo, or fomewhat quahfi d, for the 
competition, arifing from the mixture of the two extremes undiluted, 
makes a Purple,\vb.ich. though it be a lovely colour, and pretty accepta e 
to the eye, yet is it nothing comparable to the ravifhing plealurt wi 
which a curious and well tempered Green affetts the eye. If removing 
the Paper, the eye be plac’d againft c d, it will perceive the lower i 
of the Sun (or aCandleat night which is much better, became it o en s 
not the eye, and is more eafily manageable) to be of a deep Red , an 1 
againft e f it will perceive the upper part of the luminous bodytooeoi 
a deep Blue ; and thefe colours wilt appear deeper and deeper, a ^ co * 
ing as the Rays from the luminous body fall more obliquely on the * 
face of the Water, and thereby fuffer a greater refraChou, and £ 
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more diftintt, the further edef is removed from the tra jetting hole. 

So that upon the whole, we fhall find that thereaionof the Phenome- 
na feems to depend upon th ^obliquity of the orbicular pulje, to the Lilies of 
Radiation.and in particular, that the Raye d which conftitutes the Scar- 
iet has its inner parts, namely thole which are next to the middle of the 
luminous body, precedent to the outemioft which are contiguous to the 
dark and unradiating fkie. And that the Ray. ef which gives a Blue, has 
its outward part, namely, that which is contiguous to the dark -fkie prece- 
dent to the pulfe from the innermoft, which borders on the bright area 
of the luminous body: • 

We may obferve further, that the caufe of the diluting of the colours to- 
wards the middle.proceeds partly from the widenefs of the hole through 
which the Rays pafs, whereby, the Rays from feveral parts of the lumi- 
nous body, fall upon many of the fame parts between c an df as is more 
manifeft by the Figure : And partly alfo from the nature of therefrattiori 
itfelfi for the vividnefsor ftrength of the two terminating Colours, arifing 
chiefly as we have icen, from the very great difference that is betwixt the 
outfides of thofe oblique undulations fk the dark Rays circumambient,and 
that difparity betwixt the approximate Rays,dccay ing gradually : the fur- 
ther inward toward the middle of the luminous body they are remov’d, 
the more muftthe colour approach to a white or anundifturbed light. 

Upon the Calculation of the refrattion and rCflcttion from a Ball of 
Water or Gla(s,we have much the larnc Phenomena mmc]y, an obliquity of 
the undulation in the fame manner as we have found it here. Which be- 
caufe it is very much to our prefent purpofe, and affords fuch an Injlancio. 
cruets, as no one that I know has hitherto taken notice of, I fhall furthet 
examine. For it does very plainly and pofitively diftinguifh, and fhew, 
which of the two typothefes, ather the Cartefian or this is to be followed’ 
by affording a generation of all the colors in the Rahifcow,where caceord- 
mg to the Cartejian Principles there fhould be none at all generated And 
fecondly by affording an inftancc that does more clofely confine the 
thef e Phenomena of colours to this prefent By pot hefts. 

And hrft for the Catr^wehave this to objett againft it, that whereas 
he fays (Jt/eteorum Cap.S.Se&i^jsedjudicabam unicamQ-efra&iOne fcilicet ) 
ad mimmureqmri,& quidem talent nt ejus cffe&us alia conlraria (refra&i 
onejnon deftruatur : Bam expertentia docet ftfttperficies N M r> N P /*<-*,,* 
refrmgentes) r.r.U,U ford,, radio, tojdlijf' r 
qttantunt per unamfrangerenturyml/os colores depiQnros 5 This Prinrinlp f 
his holds true indeed in a prifme where rhe SJZ r c Pllnci P Ie of 
butiscQntradittedby the Ball or Cylinder, whetL^ofWaTer 2 ^ q. 31 ? 1 
where the refratting furfaces are Orbicular or CvlinH ricn 1 r ? G a ^ 
aminetbe paflage cJany G «or 

« to pafs out o t the Ball or Cylinder a/ain • r , find 

SSr at aU f* Ra ^ kd rrfXdV rijs 
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And that this is true, not cnely in one, but in every Ray that goes to 
the conftitution of the Primary Iris ; nay, in every Ray, that fuffersonly 
two refra&ions.and one refle&ion,by the fur face of the round body, we 
fhallprefently fee mod evident, if we repeat the Cartejian Scheme, men- 
tioned in the tenth Se&ion of the eighth chapter of his Meteors, where 
E F K N P in the third Figure is one of the Rays of the Primary Iris 
twice refracted at F and N, and once refle&ed at K by the furface of the 
Water-ball. For, firft it is evident, that KF and KN are equal, becaufe 
K N being the reflected part of K F they have both the fame inclination 
on the furface K that is the angles F K T, and N K V made by the two 
Rays and the Tangent of K are equal, which is evident by the Laws of re- 
flection ; whence it will follow alio, that K N has the lame inclination on 
the furface N, or the Tangent of it X N that the Ray K F has to the fur- 
face F, or the Tangent of it F Y, whence it mult necefiarily follow, that 
the refradions at F and N are equal, that is, K F E and RN P are equal. 
Now, that the furface N is by the reflection at K made parallel to the fur- 
face at F, is evident from the principles of reflection ; for reflection being 
nothing but an inverting of the Rays, if we re-invertthe Ray KN P, and 
make the fame inclinations below the line T K V that it has above, it wilt 
be moft evident, that K H the inverfe of K N will be the continuation of 
the line F K, and that L H I the inverfe of O X is parallel to F Y. And 
HM the inverfe of N P is Parallel to EF for the angle K H I is equal 
to KNO which is equal to K F Y, and the angle R H M is equal to R N P 
which is equal to K F E which was to be prov’d. 

So that according to the above mentioned Cartejian principles there 
fhould be generated no colour at all in a Ball of Water or Glafs by two 
refraCtions and one reflection, which does hold moft true indeed, if the 
furfaces be plain, as may be experimented with any kind of prifme where 
the two refraCting furfaccs are equally inclin’d to the reflecting ; but in 
this the Phenomena are quite otherwife. 

The caufe therefore of the generation of colour mu ft not be what Des- 
cartes ailigns, namely, a certain rotation of the Globuli atherei, which are 
the particles which he fuppofes to conftitute the Pellucid medium, But 
feme what elfe, perhaps what we have lately foppofed, andfhall by and 
by further profecute and explain. 

But, Firft Ifhall crave leave to propound fbme other difficulties of his, 
notwithftanding exceedingly ingenious Hypothecs, which I plainly confefs 
to me leem fuch; and thole are, 

Firft, if that light be - (as is affirmed, Diopt, cap. i. $. 8.) not fb pro- 
perly a motionfas an aCtion or propenfion to motion, I cannot conceive 
how the eye can come to be fenfible of the verticity of a Globule , which is 
generated in a drop of Rain, perhaps a mile off from it. For that Globule is 
not carry ’d to the eye according to his formerly recited Principle; and if 
not fb,I cannot conceive how it can communicate its rotation, or circular 
motion to the line of tire Globules between the drop and the eye. It can- 
not be by means of every ones turning the next before him 5 for if fb, then 
onely all the Globules that are in the odd places muff be turned the lame 
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way with the firft, namely, the 3.5. 7.9. ir ,&c. but all the Globules 
interpofited between them in the even places; namely, the 2.4.6.8.10.0^ 
muft be the quite contrary ; whence, according to the Cartejian Hypothecs , 
there muft be no diftinct colour generated, but a confufion. Next, fince 
the Cartejian Globuli arc fuppos d (Prineipiorum Philbjpph. Part. 3. $.86,) 
to be each of them continually in mot ion about their centers, I cannot 
conceive how the eye is able to diftinguifh this new generated morion 
from their former inherent one, if I may fb call that other wherewith they 
are mov’d or turbinated , from fbme other caufe than refra&ion. And 
thirdly, I cannot conceive how thefe motions fhould not happen fome- 
times to oppofe each other, and then, in ftead of a rotation, there would 
be nothing but a direct motion generated, and confequently no colour. 

And fourthly, I cannot conceive, how by the Cartejian Hypothecs it is pof- 
fible to give any plaufible reafbn of the nature of the Colours generated 
in the thin Unmue of thefe our Microjcopical Obfervations ; for in many of 
thefe, the refrafting and reflecting furfaces are parallel to each other, and 
confequently no rotation can be generated, nor is there any neceftity of 
a fhadow or termination of the bright Rays, fuch as is fuppos’d (chap. 8. 

$.5. Etpreterea objervavi Umbrani qmque,aut limit at iotiem lumjnjs re quirt: 
and Chap. 8. $. 9.) to be necefiary to the generation of any diftinft co- 
lours; Befides that, here is oftentimes one colour generated without any 
of the other appendant ones, which cannot be by the Cartejian Hy- 
pothecs. 

There muft be therefore fome other propriety of refraftion that caufes 
colour. And upon the examination of the thing, I cannot conceive any 
one more general, infeparable, and Efficient, than that which I have be- 
fore affignd. That we may therefore fee how exactly our Hypothecs 
agrees alfo with the Phenomena of the refra&ing round body, whether 

Globe or Cylinder, we fhall next fubjoyn our Calculation or Examen 
of it. 
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trary of this will happen, if 17. and 18.be calculated in ftead of i6.and 1 y- 
both which does moft exa&ly agree with the Phenomena : F or if the Sun * 
or a Candle (which is better) be placed about Ee, and the eye about 
P p, the Rays E F ef. at 16. and 17. will paint the fide of the luminous 
object toward np Blue, and towards N P Red. But the quite contrary win 
happen when E F is 1 7. and ef 18. for then towards N P {hall be a Blue, 
and towards np a Red, exactly according to the calculation. And there 
appears the Blue of the Rainbow, where the two Blue fides of the two 
Images unite, and there the Red where the two Red fides unite, that 
where the two Images are Juft difappearing ; which is, when the Rays 
E F and N P produc’d till they meet, make an Angle of about 41. and an 
half; the like union is there of the two Images in the Production of the 
Secundary Iris, and the fame caufes, as upon calculation may appear 5 
onely with this difference, that it isfomewhat more faint, by reafon of the 
duplicate reflection, which does always weaken the impulfe the oftner 

it is repeated. . 

Now, though the fecond refraction made at N« be convenient, that is, 
do make the Rays glance the more, yet is it not altogether requifite ; for 
it is plain from the calculation, that the pulfc cl n is fufficiently oblique to 
the Rays R N and k.n,&s wel as the pul fe/ r is oblique to the Rays F K 
And therefore if a piece of very fine Paper beheld clofe againft Na and 
the eye look on it either through the Balias from D, or from the other 
fide, as from B. there {ball appear a Rainbow, or colour’d line painted on 
it with the part toward X appearing Red, towards O, Blue ; the famealfo 
{hall happen, if the Paper be placed about K i, for towards T {hall ap- 
pear a Red, and towards V a Blue, which does exaffly agree with this my 
Hypothecs, as upon the calculation of the progrefs of the pulfe willmofr 

eafily appear. . 

Nor do thefe two obfervations of the colours appearing to the eye a- 
boutg differing from what they appear on the Paper at N contradift each 
other ; but rather confirm and exaftly agree with one another, as will be 
evident to him that examines the reafons ftt down by the ingenious. 
Des Curies in the 12. Sell, of the 8. Chapter of hk Meteors, where he 
gives the truereafon why the colours appear of a quite contrary order 
to the eye, to what they appear’d on the Paper if the eye bc placdm 
fteed of the Paper ; And as in the Prifme, fo alfoin the Water, Drop, or 
Globe the rhienomena andreafon are much the fame. # 

Having therefore fhewn that there is fuch a propriety in th cprijm 
and water Globule whereby the pulfe is made oblique to the piogit ue, 
and that fo much the. more, by how much greater the refraction is, 1 Uiau 
in the next place confider, how this conduces to the production oi c 
lours, and what kind of impreffion it makes upon the bottom ot the eye, 
and to this end it will be requifite to examine this Hypothecs a little raoi 

Firft therefore, if we confider the manner of the progrefs of the puj^j 
it will feem rational to conclude, that that part or end of the pulie w 
precedes the other,muft neceflarily be fomwhat more obtunded, or rmy 
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trary of this will happen, if i7-and 18.be calculated in ftead of i6.and n 
both which does mod exaftly agree with the Phenomena . For if the Sun 
or a Candle (which is better) Be placed about Ee, and the eye about 
P p, the Rays E F ef. at 1 6. and 17. will paint the fide of the luminous 
objeft toward np Blue^ud towards N P Red. But the quite contrary will 
happen when E F is 17. and ef 18. for then towards N P (hall be a Blue 
and towards np a Red, exactly according to the calculation. And there 
appears the Blue of the Rainbow, where the two Blue fides of the two 
Images unite, and there the Red where the two Red (ides unite, that is 
where the two Images are juft difappearing ; which is, when the Rays 
E F and N P produc’d till they meet, make an Angle of about 41. and an 
half; the like union is there of the two Images in the Production of the 
Secondary Iris, and the fame caufes, as upon calculation may appear; 
onely with this difference, that it is fomewhat more faint, by reafon of the 
duplicate reflection, which does always weaken the impulfe the oftner 
it is repeated. 

Now, though the fecond refraction made at N« be convenient, that is, 
do make the Rays glance the more, yet is it not altogether require ; for 
it is plain from the calculation, that the pulfe d n is fufliciently oblique to 
the Rays K N and ^»,as wel as the pulfe fc is oblique to the Rays F K. &/^ 
And therefore if a piece of very fine Paper be held clofe againft N n and 
the eye look on it either through the Ball as from D, or from the other 
fide, as from B. there (hall appear a Rainbow, or colour'd line painted on 
it with the part toward X appearing Red, towards O, £///e;the fame allb 
{hall happen, if the Paper be placed about K. h., for towards T fhall ap- 
pear a Red, and towards V a Blue, which does exaftly agree with this my 
Hypothecs, as upon the calculation of the progrefs of the pulfe will moft 
eafily appear. 

Nor do thefe two obfervations of the colours appearing to the eye a- 
bout p differing from what they appear on the Paper at N contradict each 
other ; but rather confirm and exactly agree with one another, as will be 
evident to him that examines the reafbns let down by the ingenious; 
Des Cartes in the 12. Seel, of the 8. chapter of his Meteors, where he 
gives the true reafon why the colours appear of a quite contrary order 
to the eye, to what they appear’d on the Paper if the eyebeplacdin 
fteed of the Paper : And as in thePrifme, fo alfo in the Water, Drop, or 
Globe the Phenomena and reafon are much the fame. 

Having therefore (hewn that there is fuch a propriety in the prifm 
and water Globule whereby the pulfe is made oblique to the progreflive, 
and that lb much the more, by how much greater the re fra ft ion is, I (ball 
in the next place confider, how this conduces to the produftion ot co- 
lours, and whatkind of impreflion it makes upon the bottom of the eye, 
and to this end it will be requifite to examine this Hypothefis a little more 

particularly. 1( - 

Firft therefore, if we confider the manner of the progrefs 01 the pulie, 
it will feem rational to conclude, that that part or end ofthe pulfe w w 1 
precedes the other, muft neceflarily be fomwhat more obtunded, or itnfe e> 
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by the refiftaace of the tranfparcnt medium, than the other part or end of 
it which is iubfequent, whofe way is, as it were, prepared by the other | 
efpeciallv if the adjacent medium be not in the fame manner eniightned 
or agitated. And therefore(in the fourth Figure of the fixth Icomjbt) the 
Kay AAAH-B will have its fide HH more deadned by the refiftance 
of the dark or quiet medium P P P, Whence there will be a kind of dead- 
nefs fu period tied on the fide H H H, which will continually increafe from 
B, and ftrike deeper and deeper into the Ray by the line BRy Whence 
all the parts of the triangle, R B H O will be of a dead Blue colour, and 
fo much the deeper, by how much the nearer they lie to the line £ H H, 
which is mod deaded or impeded, and fo much the more dilute , by how 
much the nearer it approaches the line BR. Next on the other fide of 
the Ray A A N, the end A of the pulfe A H will be promoted, or made 
ftronger, having its paflage already prepar’d as ’twere by the other parts 
preceding, and loirs impreffien wil be ftronger. And becaufe ofits obliqui- 
ty to the Ray, there will be propagated a kind of faint motion into Q_Q_ 
the adjacent darker quiet medium, which faint motion will Ipread fur- 
ther and further into Q_Q- as the Ray is propagated further and further 
from A,namely,as far as the line M A, whence all the triangle MAN will 
be ting’d with a Red, and that Red will be the deeper the nearer it ap- 
proaches the line M A, and the paler or yellower the nearer it is the line 
N A. And if the Ray be continued,lh that the lines A N and B R (which 
are the bounds of the Red and Blue diluted ) do meet a nd crols each other, 
there will be beyond that interfettion generated all kinds of Greens. 

Now.thefe being the proprieties of every fingle refracted Ray oflight, 
it will be eafie enough to confider what muft be therelult of very many 
fuch Rays collateral : As if we fiippole infinite fueh Rays interjacent be- 
tween A KS B and A NOB, which ate the terminating : For in this cafe 
the Ray A K S B will have its Red triangle intire,as lying next to the dark 
01 quiet medium, but the other fide of itBS will have no Blue, becaule 
t e me mm adjacent to it SB O, is mov’d or eniightned, and confequent- 
ly that fight does deftroy the colour. So likewije will the Ray A N O B 
°rU ^ e caufe the adjacent medium is mov’d or eniightned, but the 
other fide of the may that is adjacent to the dark, namely, A HO wilt 

A N lnH 'rr*', ?" d Ra >' S be fo produc'd as liii 

P ‘ d CUt ™? hoth ^ before there will be any Grew product]. 
Y ra ^fe Proprieties well confider’d,may be deducUthe reafbns of nil” 
the Thtinomena. of the prijhte, and ofthe Global 
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enter the eye, to have their pulfes made oblique to their progreffion, and 
confequently each Ray to have potentially fuperindm d two proprieties^ 
or colours JL a Red on the one fide, and a Blue on the other, which not- 
withftanding are never actually mamfeft,butwhen this or that Ray has the 
one or the oTher fide of it bordering on a dark or unmov dmedtum,^ 
fore as foonasthefe Rays are entred into the eye.andfo have one fide of 
each of thembordering on a dark part of the humours of the eye, they 
will each of them actually exhibit fome ^therefore ADC thepm. 

duftion G A C H will exhibi t a B/»r,becaufe the fide C D is adjacent to the 
dark mediumC Q_D C,but nothing of a Ked, becaufe its fide A D is adjacent 
fo t he enlightned medium A D F A : And all the Rays that from the points 
of the luminous body are collected on the parts of the Retina hem™ D 
and F fhall have their Bine fo much the more diluted by how much the far- 
ther thefe points of collection are diftant from D towards F 5 and the day 
AFC the production of R C A I, will exhibit a Red , becaufe the fide A F 
is adjacent to the dark or quiet medium of the eye A P F A, but nothing 
of a Blue, becaufe its fide C F is adjacent to the enlightned medium tCi D C, 
and all the Rays from the intermediate parts of the luminous body that 
are collected between F and D (hall have their Red fo much the more di- 
luted by how much the farther they are diftant from F towards D. 

Now becaufe by the refraction in the Cornea, and feme other partsof the 
eve the fides of each Ray, which before were almoft parallel, are made 
to converge and meet in a point at the bottom of the eye^therefore that 
fide of the pulje which preceded before thefe refractions, fhall firft touch 
the Retina, and the other fide laft. And therefore according as this or 
that fide, or end of the pulfefhali be impeded accordingly will the »» 
prejjtons on the Retina be varied} therefore by the Ray GACH re- 
fraCted by the Cornea to D there fhall been that point a ftr^e orimpref- 

iion confus'd, whofe wcakeft end, namely, that by tl^ lme C D fha pre- 

eede, and the ftronger, namely, that by the line A D fhall follow. And 
by the Ray K CAlrefr aCted to F, there fhall be on that part a confusd 

ftrokeor irnpremon, whofeftrongeftpart, namely, thatby the hneCFfral 

precede, and whole weakeft or impeded, namely, that by the line A F 
fhall follow, and all the intermediate points between F and D wilire- 
cei ve imprefiion from the converg’d Rays fo much the more like the jm- 
preffions on F and D by how much the nearer they approach that 

fYl 4 t hie 

From the confideration of the proprieties of which impreffions,weraay 
colleft thefe fhort definitions ol Colours : That Blue v an imp > jf 
the Retina of an oblique and confus’d pnlfe ofhgbt,whofe 
cedes and whofe Grange?} follows. And, that Red * an imprejjion on the R 

tin* If an oblique and confm dpulfe of light, tohofcfrongejt part precedes, 

already manifefted,in 4 eMg 
and falling drops of Rain, to be the caufes of the colours there d 

maybeeallyfoundto be the efficients alfo of the cdou^ag ^ 
thin laminated tranfparent bodies j for the explication of which, ^ 

been premifed. 
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And that this is lb, a little clofer examination of the vhinomena and 
the Figure of the body, by this Hypothecs, will make evident. 

For firft (as we have already obferved) the laminated body muft be 
of a determinate thicknefs, that is, it muft not be thinner then fiich a de- 
terminate quantity j for I have always obferv’d, that rteer the edges 
of thofe which are exceeding thin, the colours difappear, and the part 
grows white } nor muft it be thicker then another determinate quantity 5 
fori have likewife obferv d, that beyond fuch a thicknefs, no colours ap- 
pear’d, but the Plate looked white, between which two determinate 
thicknefles were all the colour’d Rings 5 of which in fome fubftances I 
have found ten or twelve, in others not half fo many, which I fuppofe de- 
pends much upon the tranfparcncy of the laminated body. Thus though 
the conlecutions are the fame in the fcumin or the fktn on the top of me- 
tals$ yet in thofe confecutions the fame colour is not lb often repeated 
as in the confecutions in thin Glafi, or in Sope-water, or any other more 
tranfparent and glutinous liquor } for in thefe I have obferv d ,Red,Iel- 
Iotp, Green , Blue, Purple Red fell oxo. preen, Blue, Purple , Red fellow, Green, 
Blue, Purple 5 Red, Fellow, Sec. tofucceed each other, ten or twelve times, 
but in the other more opacous bodies the confecutions will not be half 
lo many. 

And therefore fecondly, the laminated body muft be tranfparent, and 
this I argue from this, that I have not been able to produce any colour 
at all with an opacous body, though never fo thin. And this I have often 
try d, by prefling a final! Globule of Mercury between two fmooth Plates 
of Glals, whereby I have reduc’d that body to a much greater thinnefs 
then was requifite to exhibit the colours with a tranfparent body. 

Thirdly, there muft be a considerable reflecting body adjacent to the 
under or further fide of the lamina or plats .* for this I always found, that 
the gi eater that leflcftion was, the more vivid were the appearingr 
colours. r & 

From which Obfervations,it is moft evident,that the reflection from the 
under or further fide of the bodyis the principal caufe of the production of 
thefe colours 5 which, thatit is fo,and how it conduces to that effcCU fhall 
further explain in the following Figure, which is here deferibed of a very 
great thicknefs,as if it had been view’d through the Microfcope i and tis 
indeed miich thicker than any Mhrofcope { I have yet us’d)haS been able to 
fhew me thofe colour d plates of Glamor Mufcovie-gUfs,w\nch I have not 
without much trouble view’d with it j for though I have endeavoured to 

aS the w f es W f e ca P ab3e of > y et are they fo ex- 

, y *> the n rft Sup erfictes 5 whereby the perpendicular 

L pulfe 
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pulfe ab is after reflexion propagated by c d, cd, equally remote ff 0m 
each other with ab, ab, fo that ag+gc, or bh+hd are either of 
them equal to a a, as is alfo c c, but the body B AE being tranfparent, a 
part of the light of this Ray is refraded in the fur face AE, and props, 
gated by gi\b to the furfaceE F, whence it is ref! eft ed and refraded 
again by the furface A B. So that after two refractions and one refledion, 
there is propagated a kind of fainter Ray e m nf, whole pulfe is not on- 
ly weaker by reafon of the two refractions in the hirface A B, but by rea- 
fonof the time fpent in palling and repairing between the two furfaces 
AB and EF, ef which is this fainter or weaker pulfe comes behind the 
pulfe cd-,fo that hereby (the furfaces A B, and E F being fo neer toge- 
ther that the eye cannot diferiminate them from one) this confus’d or 
duplicated pulfe, whole ftrongeft part precedes, and whofe weakeft fob 
lows, does produce on the Retina (or the optici nerve that covers the 
bottom of the eye) the fenlation of a leliow. 

And fecondly, this Yellow will appear fo much the deeper, by how 

much the further back towards the middle between cd and cd thefpn- 

rious pulfe ef is remov’d, as in 2 where the furface B C being further 
remov’d from E F, the weaker pulfe ef will be nearer to the middle, and 
will make an imprefiion on the eye ot a Red. 

But thirdly, if the two reflecting furfaces be yet further removdafun- 
der ‘ (as in 3 CD and EF are) then will the weaker pulfe be fofarr 
behind, that it will be more then half the diftance between cd and cd. 
And in this cafe it will rather feem to precede the following ftronger 
pulfe, then to follow the preceding one, and confequently a Blue will be 
generated. And when the weaker pulfe is juft in the middle beween two 
ftrong ones, then is a deep and lovely Purple generated ; but when the 
weaker pulfe ef is very neer to cd, then is there generated a Green, 
which will be bluer, ox yellower, according as the approximate weak pulfe 

does precede or follow the ftronger. 

Now fourthly, ifthe thicker Plate chance to be cleft into two thinner 
Plates, as CDFE is divided into two Plates by the furface GH then 
from the compofition arifing from the three reflections in the furfaces 
CD, GH,andEF, there will be generated feveral compounded or mixt 
colours, which will be very differing, according as the proportion be- 
tween the thieknefies of thofe two divided Plates C D H G, and GHr E 

are varied. , , - , 

And fifthly, if thefe furfaces C D and F E are further remov dal under, 

the weaker pulfe will yet lagg behind much further, and notonely be 
coincident with the fecond 3 cd ? but Jagg behind that a! and tiat 

much the more, by how much the thicker the Plate be fo that by e 
grees it will be coincident with the third c d backward alio, and _ 
grees, as the Plate grows thicker with a fourth, and fo onward to a him, 
lixth,leventh,or eighth ; fo that if there be a thin tranfparent body, that 
from the greateft thinnefs requifiteto produce colours, does, in the man- 
ner of a Wedge, by degrees grow to the greateft thicknefs that a 1 date : can 
be of, to exhibit a colour by the reflection of Light from fuch a body, 
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iOhallbe generated feveral con fecut ions of coloiux, whofe order from the 
thin end towards the thick, fhall be Yellow,Red, Purple , Bhic,Green-, Yellow, 
Red,Purpk,Blue, Green •, Yellow, Red,Purple, Blue, Green', ra!W,&c, arid thefe 
fe often repeated, as the weaker pulfe does lofe paces with its Primary § 
or firft pulfe, and is coincident with a fecond, third, fourth, fifth,fjxth.^. 
pulfe behind the firft. And this, as it is coincident , of fellows from the 
firft Hypothecs I took of colours, fo upon exeriihent have I found it in mul- 
titudes of inftancesthat feem to prove it. One thing which feems of thc 
greateft concern in this Hypothecs, is to determine the greateft or leaf!: 
thicknefs requifitefor thefe effects, which, though I have not been want- 
ing in attempting, yet fo exceeding thin are thefe coloured Plates, and fo 
imperfeCi our Microjcope.yh.Atl have not been hitherto fuccefsfulft though 
if my endeavours Ihall anfwer my expectations, I fhall hope to gratifie the 
curious Reader with feme things more remov’d beyond our reach 
hitherto. 

Thus have I, with as much brevity as I was able, endeavoured to expli- 
cate (Hypothetically at leaft) the caufes of the Phenomena I formerly re- 
cited, on the confederation of which I have been the more particular. 

Firft, becaufe I think thefe I have newly given are capable of expli- 
cating all the Phenomena of colours, not onejy of thofe appearing in the 
Prifme, Water-drop, or Rainbow, and in laminated or plated bodies but 
of all that are m the world, whether they be fluid or foiid bodies whe- 
ther in thick or thin, whether tranfparent, or feeminglv ooacous 1= ? 
fhall in the next Obfervation further endeavour to ftew! And fecondlv 
becaufe this being one of the two ornaments of all bodies difeoVerable 
hythe%ht,whetherlookedonwith, or without a Metope, itfeerifd 
to deferve (fomewhere in this Trad, which contains a description ofehe 

riml? •? ° f f ° me minute bodies ) to be fcmewhat the morein- 
timately enquir d into* m 



Obferv. X. ^Metalline, and other real Colours. 

tlAving in the former Difcourfe, from the Fundamental caufe of Crv 

~ tzz 

be capable of infinite gradations or degrees t rf * ^ 

which I have made of other coloms forh* fome Nervations 

or colour d bodies and feveml V % etaUme Powders tinging 

t sassi? itsi 
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m them. And here I Oiall endeavour to Shew by what compofitioh all hind 
of compound colours are made, and how there is no colour in the world 
but may be made from the various degrees of thefe two colours, together 
with the intermixtures of Black, and White. 

And this being fo, as I fhall anon Ihew, it feems an evident argument 
to me that all colours whatfoever, whether in fluid or fohd, whether 
in very tranfparent or feemingly of aeons, have the lame efficient caufe, 
to wit, fome kind of refrattion whereby the Rays that proceed 
from fuch bodies, have their pulfe obliquatedox confus d in the manner I 
explicated in the former SeBion ; that is, a Red is caus d by a duplicated 
or confus’d pulfe, whofe ftrongeft pulfe precedes,and a weaker follows : 
and a Blue is caus’d by a confus’d pulfe,where the weaker pulle precedes, 
and the ftronger follows. And according as thefe are, more or Ids, or 
varioufly mixtand compounded, fo are the fenfations, and confequently 

the phantafms of colours dwerjified. 

To proceed therefore ; I fuppofe, that all tranfparent colour d bodies, 
whether fluid or folid, do confift at leaft of two parts, or two kinds of 
fubftances, the one of a fubftance of a fomewhat differing refrachonhom 
the other. That one of thefe fubftances which may be call d the tinging 
fubftance, does confift of diftintt parts, or particles of a determinate big* 
nefs which are dijjemmated , or dffpers’d all over the other ; That thefe 
particles, if the body be equally and uniformly colour d, are evenly 
rang’d and difpers'd over the other contiguous body ; I hat where the 
body is deepeft ting’d, there thefe particles are rang d thickeft ; and 
where ’tisbut faintly ting’ d,they are rang’d much thinner, but uniformly. 
That by the mixture of another body that unites with either of thefe, 
which has a differing refrattion from either of the other quite differing 
effefts will be produc’d,that i$,the confecutions of the contus d pulies will 
be much of another kind, and confequently produce othet fenfations and 
phantafms of colours, and from a Red may turn to a Bine , or from a Bin 

t0 Now/that this may be the better underftood, I fhall endeavour to ex- 
plain my meaning a little more fenfible by a S cheme 1 Suppofewe there- 
fore in the feventh Figure of the fixth Scheme , that ABC D reprefentsa 
Veflel holding a ting’d liquor, let 1 1 I I I,&c. be the clear liquor, andjet 
the tinging body that is mixt with it be E E, <dnc. F F, G , c - 

H H, &c. whofe particles (whether round, or fome other determinate 
Figure is little to our purpofe) are firftof a determinate and equal pu«* 
Next, they are rang’d into the form of guincunx, or Equilaterotnaup- 
lar order, which that probably they are fo,and whythey are fo,l * ha11 
where endeavour to fhew.Third^thcy are of filch a nature,as does ei 
more eafily or more difficultly tranfmit the Rays of light then the iquo > 
if more eaGly,a Blue is generated, and if more difficultly, a Scar*. 

And firft, let us fuppofe the tinging particles to .be of a fubftancct ^ 
does more impede the Rays of light , we fhall find that the pu 
wave of light mov'd from AD to B will proceed c , 

taining medium by thepulfesor waves KK,LL, MM, NN, 
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becaufe feveral ofthefe Rays that go to the 

will be flueged or flopped by the tinging particles E,F,G,H , theietoie 
there fhall be a fecundary and weak pulfe that fhall follow die Ray, name- 
v P P which will be the Weaker: firft, becaufe it hasfuffer d many re- 
fraftions in the impeding body 3 next, for tharthe Rays will be a little 
difpers'd or confus'd by reafon of the refrattion in each of the particles, 
whether round ox angular, and this will be more evident, if we a little 
more clofely examine any one particular tinging Globule. 

Suppofe we therefore AB in the eighth Fgure of the fixth Scheme, to 
rrorefent a tinging Gfohuh or particle which has a greater icfia&ion than 
SLor in which it is contain'd : Let C D ben part of the pulfe of light 
which is propagated through the containing medium ; this pulfe will bea 
little ftopt or impeded by the Globule , and foby that time the pulfe is 
paft to E F that part of it which has been impeded by paffing through the 
Globule, will get but to L M, and lb that pulfe which has been propa- 
gated through the Globule, to wit, L M, NO, P CL, will always come 
behind the pnlfes EF, G H, IK, <&c. 

Next, by reafon of the greater impediment in A B, and its Globular Fi- 
gure, the Rays that pals through it will be difpers’d, and very much fcat- 
ter'd.Whence C A and D B which before went direB and parallel^ ill after 
the refraction in A B, diverge and fpread by A P, and B CL; fb that as the 
Rays do meet with more and more of thefe tinging particles in their 
way, by fb much the more will the pulfe of light further lagg behind 
the clearer pulfe, or that which has fewer refra&iom, and thence the 
deeper will the colour be, and the fainter the light that is tra jetted 
through it; for not onely many Rays are refletted from the ffirfaces of 
A B, but thofe Rays that get through it are very much dilordered. 

By this Hypohefu there is no one experiment of colour that I have yet 
met with, but may be, I conceive, ^ very rationably folv’d, and perhaps, 
had I time to examine feveral particulars requifite to the demonftration 
of it, I might prove It more than probable, for all the experiments about 
the changes and mixings of colours related in the Treatife of Colours, 
publi filed by the Incomparable Mr. Boyle , and multitudes of others which 
I have obferv’d, do fb eafily and naturally flow from thofe principles, that 
I am very apt to think it probable, that they own their prod uttion to no 
oth zx fecundary caufe : As to inftance in two or three experiments. In the 
twentiethExperiment, this Noble Anthour lias fhewn that the deep bluifl} 
purple-colour of Violets, may be turn’d into a Green, by Alcalizate Salts, 
and to a ^ by acid-, that is,&FurpIe confifts of two colours, a deep Red 
and a deep Blue-, when the Blue is diluted, or altered, or deftroy’d by 
md Salts, the Red becomes predominant, but when the Red is diluted by 
Alcalizate, and the Blue heightned, there is generated a Green ; for of a 
Serf diiuted, is made a Fellow, and Yellow and Blue make a Green 

Now, becaufc the furious pnlfes which caufe a Red and a Blue, do the 
r W dear ^ pulfe5 and the other precede it, it ufually follows, 
that thofe S y ,K refcacfiog bodies which do ditoe the colour of the one’ 
do deepen that of the other. And this will be made tnarifeft byaE 

moll 
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cioft all kindsof Purples, and many forts of Greens, both thefe colours 
Confifting ofmixt colours ; for if we fuppofe A and A in the ninth Figure, 
to represent two pulfesof clear light, which follow each other at a con’ 
venient diftance, A A, each of which has a furious pulfe preceding it, as 
BE. which makes a vine, and another following it, as CC, which makes a 
Red, the one caus’d by tinging particles that have a greater refraftion, th e 
other by others that have a lefs refrafting quality then the liquor or 
Menfiruum in which thefe are diflolv’d, whatfoever liquor does fo alter 
the refraftion of the one, without altering that of the other part of the 
ting’d liquor, muft needs very much alter the colour of the liquor; f 0r 
if the refraftion of the difolvent be increas’d, and the refraftion of the 
tinging particles not altered, then will the preceding fyurious pulfe be 
Ihortned or flopt, and not out-run the clear pulfe fo much ; fo that BB 
will become EE, and the Blue be diluted, whereas the other fiurmt 
pulfe which follows will be made to lagg much more, and be further be- 
hind A A than before, and C G will become f f and fo the Tellove or 
Red will be heightned. ^ ... 

A Saline liquor therefore, mixt with another ting’d liquor, may alter the 
colour of it feveral ways, either by altering the refraftion of the liquor in 
which the colour fwims : or feconaly by varying the refraftion of the co- 
loured particles, by uniting more intimately either with fome particular 
cerpufcles of the tinging body, or with all of them, according as it has a 
congruity to fome more efpecially, or to all alike : or thirdly, by uniting 
and interweaving.it felfwith fome other body that is already joyn'd 
with the tinging particles, with which fobftance it may have a congruity 
though it have very little with the particles themfelves : or fourthly, it 
may alter the colour of a ting’d liquor by dif-joyning certain particles 
which were before united with the tinging particles, which though they 
were fomewhat congruous to thefe particles, have yet a greater congruity 
with the newly infus'd Saline menfiruum, It may likewife alter the co- 
lour by further difiolving the tinging fobftance into fmalier and fmaller 
particles, and fo diluting the colour ; or by uniting feveral particles toge- 
ther as in precipitations, and fo deepning it, and fome foch other ways, 
which many experiments and companions of differing trials together, 
might eafily inform one o£ , . 

F rom thefe Principles applied , may be made out all the varieties 
of colours obfervable, either in liquors, or any other ting’d ^bodies, with 
great eafe,and I hope intelligible enough, there being nothing in the*w- 
tion of colour, or in the foppos’d production, but is very conceivable, and 
may be poffible. 

The greateft difficulty that I find againft this Hypotbejis, is, that there 
feem to be more diftinft colours then two, that is, then Yellow and Blue- 
This Ob/eftion is grounded on this reafon, that there are feveral Reds, 
which diluted, make not a Saffron or pale Yellow, and therefore Red, or 
Scarlet feemsto be a third colour diftinft from a deep degree of Yellow 

To which I anfwer, that Saffron affords us a deep Scarlet tinfture, which 
may be diluted into as pale a Yellow as any, either by making a weak fo- 

lution 
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lution of the Saffron, by infufing a fmall parcel of it into a great quantity 
of liquor, as in fpirir of Wine, or elfe by looking through a very thin 
quantity of the tinfture, and which may be heightnd into the lovelieft 
Scarlet, by looking through a very thick body of this tinfture,or through 
a thinner parcel of it, which is highly impregnated with the tinging body, 
by having had a greater quantity of the Saffron diftolv’d in a fmaller par j 

cel of the liquor. . .... , 

Now, though there may be fome particles of other tinging bodies that 
give a lovely Scarlet alfo, which though diluted never fo much with .liquor, 
or looked on through never fo thin a parcel of ting’d liquor, will not yet 
afford a pale Yellow, but onely a kind of faint Red ; yet this is no argu- 
ment but that thofe ting’dparticles may have in them thefainteft degree of 
Ye]Iow,though we may be unable to make them exhibit it;For that power 
otbemg diluted depending upon the divifibility of the ting’d body, if I 
am unable to make the tinging particles fo thin as to exhibit that colour, 
it does not therefore follow, that the thing is impoffible to be done; now, 
the tinging particles of fome bodies are of foch a nature, that unlefs there 
be found fome way of comminuting them into left bulks then the liquor 
does diflolve them into, all the Rays that pafs through them muft neceff 
larily receive a tinfture fo deep, as their appropriate reffaftions and bulks 
compar’d with the proprieties of the difiolving liquor muft necefiarily 
difpofe them to emprels, which may perhaps be a pretty deep Yellow, 
or pale Red. 

And that this is not gratis di&um, I foall add oneinftanceof this kind, 
wherein the thing is moft manifeft. 

If you take Blue Smalt, you fiiall find, that to afford the deepeft Blue 
which ceteris paribus has the greateft particles or fends; and if you fur- 
ther divide, or grind thofe particles on a Grindftone, or porphyry ftone 
you may by comminuting the fends of it, dilute the Blue into as pale a one 
as you pleafe, which you cannot do by laying the colour thin 5 for where- 
fqever any fingle particle is, it exhibits as deep a Blue as the whole mafs 
Now, there are other Blues, which though iWerfo much ground, will 
not be dilutedby grinding, becaufe confiftingof very fmall particles ve- 
ry deeply ting d,they cannot by grinding be aftually feparated into fmal- 
ler particles then the operation of the fire, or fome other diffolvine men- 
flruum,ha.s reduc d them to already. s 

TTius all kind of MaaUim colours, whether precipitated. Mim’d cal- 
canei, or otherwife prepar'd, are hardly chang'd by grinding as ,hL 
pane is not more dilated* m is Vermilion or Red-lad made g rf a more 
&nt colour by grinding ; for the faalleft particles of thefe which I W 
view d with my greateft Magnifying-Glafs, ifthey be well enChtned al 

SsHr 
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fandth part of the Ihllleft vifible fail orTOtJf’ °” e th0U6nd 'a “J 




72 



Micrographia. 

And this I find generally in moft Metalline colours, that though they 
confift of parts fo exceedingly fmall,yet are they very deeply ting <§hey 
being fo ponderous, and having fuch a multitude of terreftrial particles 
throng’d into a little room ; fo that ’tis difficult to find any particle tranfl 
parent or refembling a pretious ftone, though notimpoffible; for I have 
Sfervd divers fuch thining and refplendent colours intermixt with the 
particles of Cinnaber , both natural and artificial, before it hath been 
ground and broken or flaw’d into Vermilion : As I have allb in Orpiment , 
Red-lead, and Bife, which makes me fuppofe, that thofe metalline colours 
are by grinding, not onely broken and feparated actually into fmaller 
pieces, but that they are alfo flaw d and brufed ,whence they, for the 
moft part. become opacovsfke flaw’d Cryftalor Glals,e^r. But for Smalts 
and verditures , I have been able with a Microjcope to perceive their pax* 
tides very many of them tranfparent. 

Now, that the others alfo may be tranfparent, though they do notap- 
pear fo to the Mkrofcope,mxy be made probable by this Experiment : that 
if you take ammel that is almoft opacous , and grind it very well on 
a Torphyry, or serpentine, the fmall particles will by reafon of their flaws, 
appear perfe&iy opacous ; and that tis the flaws that produce this opa- 
coujhef, may be argued from this, that particles of the fame Jmml much 
thicker if unflaw’d will appear fomewhat tranfparent even to the eye; 
and from this alfo, that the moft tranfparent and clear Cryftal, if heated 
in the fire, and then fuddenly quenched, fo that it be all over flaw d, 
will appear opacous and white. 

And that the particles of Metalline colours are tranfparent, may be argu- 
ed yet further from this, that the Cry ftals,or V itriols of all Metals, are tranf- 
parent, which fince they confift of metalline as well as faiine panicles, 
thofe metalline ones muff be tranfparent, which is yet further confirm d 
&om this, that they have for the moft part, appropriate colours; fo the 
•vitriol of Gold is Y ello w ; ofCopper,Blue,and fometimes Green; of Iron, 
green. ; ofTinn and Lead, a pale White ; of Silver ,a pale Blue,^. 

And next, the Solution of all Metals into menftnmms are much the fame 
with the Vitriols, or Cryftals. It feems therefore very probable, that 
thofe colours which are made by the precipitation of thofe particles out 
of the menftruums by tranfparent precipitating liquors fhould be tranipa- 
rent alfo. Thus Gold precipitates with oyl of Tartar,, ovfpirit ofVrme in- 
to a brown Yellow, Copper with fpirit of Vrine into a Mucous bine, 
which retains its transparency. A folution of fublimate (as the. Same 
luftrious Authour I lately mention'd thews in his 40. Experiment)prw/pe 
tates. with oyl of Tartar per deliquium, into an Orange colour d pva 
pit ate',, nor is it lefi probable, that the calcination of thofe Vitrielto y 
the fire,fb.ould have their particles tranfparent : Thus s arc arum Saturn, 
or the Vitriol of Lead by calcination becomes a d eejx O r ange-co 1 our 
minium, which is a kind of precipitation by feme Salt which proceeds 
the fire, common Vitriol c akin d, yields a deep Brown Red, &c. _ 

A third Argument,, that the particles of Metalsare tranfparent, is, 
being cakirid^md melted with Glafi,.they tinge the Glafiwrthtranp^ 
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rent colours. Thus the Calx of Silver tinges the Giafs bndVhiehdtds dam 
neal’d with a Jovely Yellow, or Gold colour,^. 0 ' , h'.ji -lorw 
And that the parts of Metals are tranfpbrent,bmay ■ bo- farfhenargdeti : 
from the tranfparency of Leaf-gold; which held hgaiiidfcthefight^bothl 
to the naked eye, and the Microjcope, exhibits Wideep'rGreeiecdAatb 
though I have never feen the other Metals lammdud fo ttliinp thieTlwaif 
able to perceive them tranlpa rent, yeti f° r CopperJaitd Brdfe,c if pm jgqfc 
the fame cohveniercy {ov laminating thew,m wehaveToffGoltliw^ftii^ht^ 
perhaps,through fuch plates or leaVes-jflncf very ^iffoidag deg^e es'bf Bforejf 
or Green y fork feems very probable, that thofe Raysthat rebound Trbmi 
them ting’d, with a deep Yellow, or pale Red,, asjfnpih Coppell® with* 
a pale YellbWvas from Brafs; have part through them yfbrl cahifiOtricOn- 
ceive how by reflection alone thofe Rays can receive; a tin(fture;'Ktdking[ 
any Hypothecs extann • . ■ -nift , ; 

■ So that we fee there may a fufficient reafon be drawn froth thete in- 
franecs, why thofe colours which we are unable to dilute to the paleft 
Yellow, or Blue, or Green, are not therefore to be concluded not to be a 
deeper degree of them; for fuppofing we had a great company of lhfall 
Globular tiknee Bottles,or roundGlafs bubbles, about thebigtiefs OfaWhh 
nut, fill’d each of them with a very deep mixture of Saffron, and that 
every one of them did appear of a deep Scarlet colour, and all of them 
together did exhibit at a diftance, a deep dy’d Scarlet body. It dbesnot 
follow,becaufe after we have come nearer to this congeries, or mafi,anTdi- 
vided it into itsparts, and examining each of its parts feverally or a part 
we find them todiave much the fame colour with the whole mafs; it does 
not, I fay, therefore follow, that if we could break thofe Globules fmaller 
or any other ways i come to fee a fmaller or thinner parcel of the ting’d 
iquor that fill d thofe bubbles, that that ting’d liquor muft always appear 
... 5 °. r °f ^Scarlet hue, fince if Experiment be made,the quite contrary 
willenfue ; for it is capable of being diluted into the paleft Yellow,--' • * 
Now,that I might avoid all the Objections of this kind, by exhibiting 
an Expenment that might by ocular proof convince thofe whom other 
reafonswmdd nor prevail with, I provided me a Vrifmatical Glafl made 
hollow juft m the form of a Wedge, fuch asisrepiifented in theS 
igure of t he G\thS'cheme. The two parallelogram fidfes ABCD ABFF 
which met at a po]nt 3 were made ot the deareil I nnk mfr n-T t ^ i? 

grounded polkd kntlcouldJt 

to the trianinilfrr fides BCE A 1^) F h hard cement 

ft* 

cement, and the whole Prifiutical Box was^otaftlv flnnr 

oncly a little hole neat the bafe was leftwhetebvehe^eS 
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well coloiff ffYeHow, and further and further from the edge, as the lj, 
quor grew thicker and thicker, thistinfture appear’d deeper and deeper . 
fo that ocartheblimtiend, which wasfcven Inches' fromthe edge and three 
Iriohds arid- an half thick ; it Was of a deep and well colour’d Red. Now, 
the/dearer and purer, this tinftuye be, the more lovely will the deep 
Scaplttibh and thefbttkr the tinfture be, the more dirty will the Red 
xtapfca^lfo that fome dirty tinftur.es have afforded their deepeft Kedl 
mu'eliiof the colourfof burnt Oker or Sbanijh brown;othersas lovely a qo . 
SStm mrmltiHi and feme much brighter 5 butfeveral others* according 
gs t he tinftiu-es were worfe or more foul, exhibited various kinds ofR.ed Sj 

differing degrees. , 

' r.The other Of thefe Wedges, I fill’d with a moft lovely tinfture of Gop- 
pep, deawn from the filings of it, with fpirit of Urine , and this Wedge held 
as the former againft the Light, afforded all manner of Blues, from the 
faihfceft^o the deepeft/o that I .was in good hope by thefe two,to have pro- 
duc'd all the varieties of colours imaginable 5 for I thought by this means 
to have been able by placing the two Parallelogram fides together, and 
fhcedges contrary ways, to have id mov d them to and fro one by another, 
as by looking through them in feveral places, and through ieveralthick- 
Defies, I fhould have compounded, and confequently have feen all thofe 
colours, Which by other like compofitiotis of colours would have enfued, 

Butinfteed of meeting with what I look’d for, I met with fomewhat 
mote admirable $ and that was, that I found my felf utterly unable to fee 
through them when placed both together, though they were tranfparent 
enough when afonder ; and though I could fee through twice the thick* 
nefs, when both of them were fill’d with the feme colour d liquors, whe- 
ther both with the Yellow, or both with the Blue, yet when one was fill d 
with the Yellow,- the other with the Blue, and both looked through, they 
both appear’d dark, onely when the parts near the tops were look d 
through, they exhibited Greens, and thofe of very great variety, as I ex* 
pefted,but the Purples and other colours,! could not by any means make, 
whether I endeavour’d to look through them both againft the Sun, or 
whether I plac’d them againft the hole of a darkned room. . . 

But notwithftanding this mif-ghefiing, I proceeded on with my trialm 
a dark room, and having two holes near one another, I was able, by 
placing my Wedges againft them, to mix the ting’d Rays that paft through 
them, and fell on a fheet of white Paper held at a convenient diltance 
from them as I pleas’d , fo -that I could make the Paper appear or w ia 
colour I would ,by varying the thicknefles of theW edges, and coniequen 
ly the tinfture of the Rays that part through the two holes, and lome- 
tiraes alfb by varying the Paper, that is, infteed of a white Paper, ho 1 g 
a gray, ora black piece of Paper- . 

Whence I experimentally found what I had before imagin d, tna 
the varieties of colours imaginable are produc d from feveral degrees 
thefe two colours, namely, Yellow and Blue, or the mixture o _ 
with light and darknefs, that is, white and black- And all t { l0 ^ a . 
infinite varieties which Limners and Painters are able to make by ^ 
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pounding thofe feveral colours they lay on their Sbels or Falads, are no- 
thing elfe, but ferae cmpftttm, made up of fome one or more, oral! of. 

* Now, whereas it may here again be objefted, that neither can the Reds/ 
be made out of the Yellows, added together, or laid on in greater or lels 
quantity, nor can the Yellows be made out of the Reds though laid ne- 
ver fo thin 5 and as for the addition of White or Black, they do nothing 
but either whiten or darken the colours to which they are added^nd not 
at all make them of any other kind of colour : as for inftancc, Vermilwn , 
by being temper’d with White Lead, does not at all grow more Yellow, 
but onely there is made a whiter kind of Red. Nor does Yellow <%r, 
though laid never fo thick, produce the colour of Vermilion , nor though 
it be temper’d with Black, does it at all make a Red 5 nay, though it be 
temper’d with White, it will not afford a fainter kind of Yellow, foch as 
majhctttf but onely a whiten’d Yellow ; nor will the Blues be diluted or 
deepned after the manner I (peak oft as Indico will never afford fb fine a 
Blue as Ultramarine or Bife? nor will it, temper’d with Vermilion^ ever af- 
ford a Green,thotigh each of them be never fb much temper’d with white* 

To which ! anfwer,that there is a great difference between diluting a 
colour and whitening ofit $ for diluting a colour, is to make the colour’d 
parts more thin, fo that the ting’d light, which is made by trajefting 
thofe ting’d bodies, does not receive io deep a tinfture j but whitening 
a colour is onely an intermixing of many clear refleftions of light 
among the feme ting’d parts 5 deepning alfb, anddarkning or blacking a 
colour, are very different ; for deepning a colour, is to make the light 
pafs through a greater quantity of the fame tinging body ; and darkning 
or blacking a colour, is onely interpofing a multitude of dark or black 
foots among the feme ting’d parts, or placing the colour in a more faint 
light. 

Firft therefore,as to the former of thefe operations, that is,diluting and 
deepning, moft of the colours us’d by the Limners and Painters are in- 
capable oft to wit, Vermilion and Red-lead) and Oker^ becaufe the ting’d 
parts are fo exceeding fmall, that the moft curious Griodftones we have 
are not able to feparate them into parts aftually divided fo fmall as the 
ting d particles are , for looking on the moft curioufly ground Ver- 
milioh (, and o 4 er, and Red-lead , I could perceive that even thofe fmall 
corpnfeks ci the bodies they left were compounded of many pieces, that 
is, they feem d to be fmall pieces compounded of a multitude of leffer 
ting d parts : each piece feeming alraoft like a piece of Red Glafs,or ting’d 
Cryftal all flaw d 5 fo thatunlefs the Grindftone eould aftually divide 
them into fmaller pieces then thofe flaw’d particles were, which com- 
pounded that ting d mote I could fee with my Microfio^ it would be 

K whlVn^ /a k th T-° Ur by S rindiri & which , becaufe the fineft we 
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Blues may be diluted, as smalt and Bife ; and MaficutyvKicn is Yellov^may 
be made more faint : And even Vermilion it fell may, -by too much grind- 
ing, be brought to the colour of Red-lead, which is but an Orange colour 
which is confeft by all to be very much upon the Yellow. Now* though 
perhaps fomewhat of this diluting of Vermilion by overmuch grinding 
may be attributed to the Grindftone, or muller, for that fome of their 
parts may be worn off and mixt with the colour, yet there feems not ve- 
ry much, for I have done it on a Serpentine-ftone with a muller made of a 
Pebble, and yet obferv’d the lame effeft follow. 

And fecondly, as to the other ofthefe operations on colours, that is 
the deepning of them. Limners and Painters colours are for the moft part 
alfo uncapable. For they being for the mod part epacotu ? and that opa- 
coufncj. f, as I faid before, proceeding from the particles, being very much 
flaw’d, unlels we were able to joyn and re-unite thole flaw’d particles 
again into one piece, we fhall not be able to deepen the colour, which 
fince we are unable to do with moft of the colours which are by Painters 
accounted opacous, we are therefore unable to deepen them by adding 
more of the lame kind. 

But becaufe all thole opacous colours have two kinds of beams or Rays 
reflected from them, that is,Rays unting'd, which are oriely refleded from 
the outward lurface, without at all penetrating of the body.and ting’d 
Rays which are reflefted from the inward forfaces or flaws after they 
havefoffer’d a two-fold refra&ion $ and becaufe that tranfparent liquors 
mixt with fuch cotpujcles, do,for the molt part, take off the former kind 
of refie&ion $ therefore thefe colours mixt with Water or Oyl, appear 
much deeper than when dry, for moft part of that white reftefrion from the 
outward lurface is remov’d. Nay, fome of thefe colours are very much 
deepned by the mixture with fome tranfparent liquor, and that becaufe 
they may perhaps get between thofe two Haws, and fo confequently joyn 
two or more of thofe flaw’d pieces together } but this happens but in a 
very few. 

Now, to fhew that all this is not gratis diBum , I fliall let down fome 
Experiments which do manifefl thefe things to be probable and likely, 
which I have here deliver’d. 

For, firft, if you take any ting’d liquor whatfoever, efpecially if it be 
pretty deeply ting’d, and by any means work it into a froth, the congeries 
of that froth fhall feem an opacous body, and appear of the lame colour, 
but much whiter than that of the liquor out of which it is made. For the 
abundance of reflections of the Rays again!! thofe lurfaces of the bubbles 
of which the froth confifts, does lb often rebound the Rays, backwards, 
that little or no light can pals through, and confequently. the froth ap- 
pears opacous. _ • . 

Again, if to any of thefe ting’d liquors that will endure the boiling 
there be ad ded a fmall qua ntity of fine flower (the parts of which through 
the Microjcope are plainly enough to be perceiv’d to confift of transpa- 
rent corpufiks') and fuffer’d to boyl till it thicken the liquor, the malsol 
the liquor will appear opacoiff, and ting’d with the lame colour, but very 
much whiten’d. ™ 



Migrograpeia. 

Thus if yon takea piece of tranfparent Glals thatis well colour d, and 
by heating it, and then quenching it in Water, you flaw it all. over, 
it wil! become opacous , and will exhibit the feme colour with which the 
piece is ting’d, but fainter and whiter. <• ; _■ 

Or, if you take a Pipe of this tranfparent Glais, end in the flame of a 
Lamp melt it, and then blow it into very thin bubbles, then break thofe 
bubbles, and colled a good parcel of thofe lamina togethef in a Paper, 
you (hall find that a fmall. thicknels of thofe Plates will coiiftitutean opa- 
cous body, and that you may fee through the mals of Glnfs before it be 
thus laminated, above four times the thicknefs : And befides, they will, 
now afford a colour by reflection as other opacous (as they are call’d) 
colours will, but much fainter and whiter than that of the Lump or Pipe 
out of which they were made. 

Thus alfojif you take Putty, and melt it with any tranfparent colour’d 
Glals, it will make i t become an opacous colour’d lump, and to yield a pa- 
ler and whiter colour than the lump by reflection. 

The feme thing may be done by a preparation of Antimony , as has been 
(hewn by the Learned Phyjician , D r * C. M. in his Excellent Obfervations 
and Notes on Mery’s Art of Clafs 5 and by this means all tranfparent co- 
lours become opacous , or ammels . And though by being ground they lofe 
very much of their colour, growing much whiter by reafon of the multi- 
tude of fingle refledions from their outward furface, as I Ihew’d afore, 
yet the fire that in the nealing or melting re-unites them, and fo re- 
news thofe furious refledions, removes alfo thofe whitenings of the co- 
lour that proceed from them. 

As for the other colours which Painters ufe, whichare tran (parent, and 
us’d to varnifo over all other paintintings, ’tis well enough known that 
the laying on of them thinner.br thicker, does very much dilute or deepen 
their colour. * * 

Painters Colours therefore confiding moft of them of folid particles, 
fo fmall that they cannot be either re-united into thicker particles by 
any Art yet known, and confequently cannot be deepned $ or divided in- 
to particles fo fmall as the flaw’d particles that exhibit that colour, much 
leis into lraaller, and confequently cannot be diluted 5 It is neceffervthat 
they which are to imitate all kinds of colours, Ihould have as many de- 
grees of each colour as can be procur’d. 

• fc ? ^ P^P 0 ^ both Limners and Painters have a very great va- 
nety both of Yellows and Blues, befides feveral other colour^ bodies 
that exhibit very compounded colour,, licit a, Creens and Pu teles "aid 
othetsthmarecompounded of feveral degrees of Yellow, or&de- 

SrfothcrSloifd e bS nm ‘ Xt ’ ^ f ° metimCS “ m P““ d « 1 »«> fe- 
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Their Blues are feveral kinds of Swabs, and Verditures, and a0( j 
Vhramarim, and Indico, which lafl has many dirty or dark parts inter- 

mixt with it. ' % 

Their compounded colour’d bodies, as and Verdigrefi , which are 

Greens, the one a Vopingay, the other a Sea-green ; then Z*e, which is a 
very lovely Purple . 

To which may be added their Black and White, which they a lf 0 
ufually call Colours, of each of which they have feveral kinds, fq c h as 
Bone Black., made of Ivory burnt in a clofe Veflel, and Blue Blacky, made 
of the {mail coal of WtUow, or fome other Wood 5 and Cullen, 
which is a kind of brown Black, &c. Their tribal Whites are either ar- 
tificial or natural White Lead , the laft of which is the beftthey yet have, 
and with the mixing and tempering thefe colours together, are they able 
to make an imitation of any colour whatfoever : Their Reds or deep 
Yellows, they can dilute by mixing pale Yellow? with them, and deepen 
their pale by mixing deeper with them ; for it is not with Opams co- 
lours as it is with traniparent, where by adding more Yellow to yellow, 
it is deepned, butin opacous diluted. They can whiten any colour by mix- 
ing White withit, and darken any colour by mixing Black, orfotnedark 
and dirty colour. And in a word, moft of the colours, or colour’d 
bodies they ufe in Limning and Painting, are fuch, as though mixt with 
any other of their colours, they prefervc their own hue, and by being itj 
fuch very final parts difpers'd through the other colour’d bodies, they 
both, or altogether reprefent to the eye a compojitum of all 5 the eye.be- 
5ng unable, by reafon of their fmalnefe, to diftinguifh the peculiarly co- 
lour’d particles, but receives them as one intire compofttnm: whereas in 
many of thefe, the Microfcope very eafily diftinguifhes each of the com- 
pounding colours diftinft, and exhibiting its own colour. 

Thus have I by gently mixing Vermilion and Bije dry, produc’d a very 
fine Purple, or mixt colour,but looking on it with the Microfcope, I could 
eafily diftinguiih both the Red and the Blue particles, which did not at 
all produce the Phantafm of Purple. 

To fumm up all therefore in a word, I have not yet found any folid 
colour’d body, that I have yet examin’d, perfectly opacous .', but thofe that 
are leaft tranfparent are Metalline and Mineral bodies, whofe particles ge- 
nerally, feeming either to be very fmall, or very much flaw’d, appear 
for the moft part opacous , though there are very few of them that I have 
look’d on with a Microfcope , that have not very plainly or circuffilUnti* 
ally manifefted themfelves tranfparent. 

And indeed, there feem to be fo few bodies in the world that are ** 
minimis opacous, that I think one may make it a rational Query, Whether 
there be any body abfolutely thus opacous ? For I doubt not at all (afld! 
have taken notice of very many circumftances that make me of 
mind) that could we very much improve the Microfcope , we might be 
able to fee all thofe bodies very plainly traniparent, which we now arc 
fain onely to ghefs at by circumftances. Nay, the Objedt Glaftes we 
yet make ufe of are fuch, that they make many traniparent bodies to t» e 
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cvcTeem opacous through them, which if we widen thc Apeiture-a little, 
and caft more light on the objefts, and not charge the Glafles fo deep,; 
will again difclofe their trnnfparency. , . ■; , 

Now as for all kinds of colours that; are diffolvable in Water, or other: 
liquors "there is nothing fo manifeft, as that all thofe ting’d liquors aro 
tranfparent>p and many of them arc .capable of being diluted and com- 
pounded ofmixt with: other colours, and divers- of them are capable of 
being verymuch chang'd ;and heightned, and fixt with feveral kinds Ob 
Saline menhrmms. Others of them upon compounding, deftray or vi- 
tiate each others colours; 'and precipitate, or orhenvife. veny much alter 
each others tinftiifo. fo the true ordering and diluting, and deepoing, 
and mixing, and fixing of each of which, confifts one of the greateft my- 
fteries of the Dyers; of which particulars ? bepaufe our Microfiope affords 
us very little information-,! iball add nothing more at prdenr ; but onely. 
that with a very few tinctures order’d and mixt after certain ways, too 
long to be here fet down, I have been able to make an appearance of all 
the various colours imaginable, without at all ufing. the help of Salts , or 
Salim mmflruums tp vary them. ■ ■ ■ 

As . for the mutation of Colouis by Saline wenjhutms, they have al- 
ready been fo fully and excellently 'handled by the lately mention’d In- 
comparable Anthour, thztl can add ndthing.buc that of a multitude of tri- 
als that Imade, I have found them exactly to agree with his Rules and 
Theories; and though there may be infinite inftaqces, yet may they be 
reduc'd under a few Heads, and compris’d within a very few Rules. And 
generally I find, that Saline menjinmms are moft operative upon thofe 
colours that are Purple, or have jome degree of Purple in them, and up-* 
on the other colours much left. The j furious pulfes that coippofe which, 
being (a? I formerly noted) fo very peer the middle between the true 
opes, that a finall variation throws them both to one fide, or both to the 
other, andfo confequently muft make a vaft mutation in the formerly ap-. 
pearing Colour. 



Obfenr, XI. ^/Figures obferv/m fmall Sand. 

S Aod generally feems to be nothing elfe but exceeding finall Pebbles. 

or at leaft fome very fmall parcels of a bigger ftone ; the whiter kind 
ICfims, through the Microfiope. to eonfift of fmall apparent pieces of fome 
^»a^body, each of them locking much like a piece of Alum, or Salt 
Gem ,and this kind of Sand as angled for the moft part irregularly,without 

the .^ amles fi rit are for the moft part flaw'd,though 
°. f thel 5 ’f K not difficult to find fome that are perfeftfo 
eofdearCtyftaf and divers likewife moft S 
fmitl d f? UCh att r r ma " ner of the bigger Stirixoi Ciyftal, or like the 
£c- wETkft ° brerV , d in ««ain Flints, of which I foaft by and by re- 
late, which laft particular feems to argue, that this kindof Sand- knot 

made 
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made by the comminution of greater transparent Cryftafine bodies, but 
by the concretion or coagulation of Water, or Some other fluid body. 

There are other kinds of courfer . Sands, which are browner, and have 
their particles much bigger > thefe. View’d with a 'Microfiope, feem much 
courier and more opacous fubftanees, and mcffdf them are of forne irregu- 
larly rounded Figures ; and though they feem not lb opacpm as to the 
naked eye, yet they feem very foul anddoudy, but neither do thefe want 
eurioufly tranfparent, no more than they do regularly figur’d and well 

colour'd particles, as I have often found. 

There aremultitudes of other kinds of Sands, which in many particu- 
larsiplainly: enough difcoverable by the Microfcope, differ both from thefe 
laft mention'd kinds of Sands, and from one another : there feemingto be 
as great variety of Sands, as there is of Stones. And as among!! Stones loiue 
are call’d precious from their excellency, fo alfo are there Sands which 
deferve the fame Epithite for their beauty ; for viewing a fmall parcel of 
Baft India Sand (which was given me by my highly honoured friend, Mr, 
Daniel ColwaU) and, fince that, another parcel, much of the fame kind, 
I found feveral of them, both very tranfparent like precious Stones, and 
regularly figur'd like Cryftal, Comijb Diamants,fome Rubies, &c. and 
alfo ting'd with very lively and deep colours, like Rnbys, Saphyrs, Eme- 
ralds ^ &c. Thefe kinds of granulsl have often found alfo in Englijh Sand. 
And ’tis eafieto make fueh a counterfeit Sand with deeply ting’d Glafs, 
Enamels and Painters colours. 

It were endlefs to defcribe the multitudes of Figures I have met with 
in thefe kind of minute bodies, luch as Spherical fhtalfyramidal, Conical, 
Prifmaticd , of each of which kinds I have taken notice. 

But amongft many others, I met with none more obfcrvable than this 
pretty Shell (defcribed in the Figure X. of the fifth Scheme) which, 
though as it was light on by chance, deferv’d to have been omitted (I 
being unable to dirett any one to find the like) yet for its rarity was it not 
inconfiderable, elpecially upon the account of the information it may 
afford us. For by it we have a very good infiance of the curiofity of Na- 
ture in another kind of Animals which are remov'd, by reafon of their 
minutenels, beyond the reach of our eyes; fo that as there are leveral forts 
of Infers, as Mites, and others,lb fmall as not yet to have had any names ; 
(feme of which I lhall afterwards defcribe) and fmall Fifties, as Leeches 
in Vincger ; and final vegetables, asMols, andRofe-Leave-plants;and 
finall Mufhroms, as mould: foare there, it feems,_ fmall Shel-filh like- 
wile, Nature fhewing her curiofity in every Tribe of Animals, Vege- 
tables, and Minerals. 

I was trying feveral fmall and fingle Magnifying Clafles, and carnally 
viewing a parcel of white Sand, when I perceiv’d one of the grains exactly 
fhap’d and wreath’d like a Shell, but endeavouring to diftisguiih it with 
my naked eye,it was lb very lmall,that I was fain again to make ufe of the 
Glalstofind it; then,whileftl thuslook’don it, with a PinI fe para ted all 
the reft of the granules of Sand, and found it afterwards to appear to the 
naked eye ap exceeding finall white Ipot, no bigger than the point oU 



MlCROGRAPHlAo 

Pin. Afterwards I view’d it every Way with a better Micrefiopey ind found 
it on both tides, and edge- ways, to refcnible the Shell of a fmall Water- 
Snail with a flat (pi nil Shell : it had twelve Wreathing^ eke* 

all verf nroportionably growing one lefs than Another toward the 
middle or center of the Shell, where there was a very fmall round white 
Ipot. I could not certainly djlcover whether the Shell were hollow or 
not but it feem’d fill’d with fomewhat, and tis probable that it might 
be '’petrify d as other larger Shels often are, fnchas are mention’d in the 
feventeenth obfervation. 



I 



Obferv. XII. Of Gravel in Vrim . 

Have often oblerv’d the Sand or Gravel of Urine, which feems to be 
, j tartar corn fubfiance, generated out of a Saline and a terreflrial lub- 
ftance cryflallitid together, in the form of Tartar, foihetimes locking to 
the fides of the Vrinal , but for the moft part finking to the bottom, and 
there lying in the form of coorfc common Sand; thefe, through the MV 
crofcope, appear to be a company of fmall bodies.partly tranfparent, and 
partly opacous, fome White, fbme Yellow, lb me Red, others of more 
brown and dulkie colours. 

The Figure of them is for the moft part flat, in the manner of Slats, or 
fuch like plated Stones,that is, each of them feem to be made up of feve- 
ral other thinner Plates, much like Mufiovh Glafs, or Exgfrjh sparr, to the 
laftof which, the white plated Gravel feems moft likely ; for they feem 
notonely plated like that, but their fides fbap’d alfo into Rhombs , Rhom- 
boeids, and foitietimes into ReS angles and ^wcr.Their bignefe and Figure 
may be feen in the fecond Figure of the fixrh which reprefents about 
a dozen of them lying upon a plate A BCD, feme of which, as zb c d 
feem’d more regular than the reft, and e, which was a fmall one ftick- 
ing on the top of another, was a perfed Rhomboeid on the top and had 
four Re&angnlar fideS. b raa 

The line E which was the tneafure of the Micro fcope, is A part of 

Engkjh Inch, fo that the greateft bredth of any of them, exceeded not 
™ part oi an Inch* 

^Putting thefe into feveral liquors, I found Oyl of Vitriol spirit of 
^«,and feveral other Sahne mnftrmtms to diflolve them; and the firft 
of thefe in lefs than a minute without Ebullition^ ater,and feveral nrh J 
hquo„. had » fudden operation upon them. This I mtmtimubeciufe 
thofe liquors that diflblve them,firft make them very white not w vSf 

SttSflffi f. adTant f e " w ,o»ld be to fudt as are troubled with the 

N it 
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It may therefore, perhaps, be worthy^ fome Phyficians enquiry, whether 
there may not be fomething mixt with the Urine in which the Gravel 
or Stone lies, which may again make it difiolve it, the firft of which feem 3 
by it’s regular Figures to have been fometimes Cryftallizld out ofit, p 0r 
whether this Cryftallization be made in the manner as Alum, Peter, 8tc. are 
cryfiallized out ofa cooling liquor, in which, by boy ling they have been 
dillblv’d j or whether it be made in the manner of Tartarian Vitriolatm 
that is, by the Coalition of an acid and a Sulphureous iubftance, it fe^ 
not impoffible,but that the liquor it lies in, may be again made a dijJHvm 
ofit. But leaving thefe inquiries to Phyficians or Chy miffs, to whom 
it does more properly belong, I (hall proceed. 




Obferv. XIII. Of the [mall Diamants, or Sparks in Flints, 

C Hancing to break a Flint Hone in pieces, I found within it a certain 
cavity all crafted over with a very pretty candied fubftance, feme 
of the parts of which, upon changing the pofture of the Stone, inrefpeft 
of the Incident light, exhibited a number of fmall, but very vivid re. 
fk&ions ; and having made ule of my Microfiope , I could perceive the 
whole forface of that cavity to be all befet with a multitude of little 
Cryfialine or Adamantine bodies, fo curioufly ftlap d, that it afforded a 
not unpleafing objcCt. 

Having confidered thofe vivid repercujjions of light,I found them to be 
made partly from the plain external furface of thefe regularly figured 
bodies (which afforded the vivid reflections) and partly to be made 
from within the fomewhat pellucid body, that is, from fome furface of the 
body,oppofite to that fuperficies of it which was next the eye. 

And becaufe thefe bodies were fo fmall, that I could not well come to 
make Experiments and Examinations of them, I provided me feveral 
fmall firm of Cryftals or Diamants, found in great quantities in Com- 
wall.zud are therefore commonly called Corniji) Diamants .* thefe being 
very pellucid, and growing in a hollow cavity ofa Rock (as I have been 
feveral times informed by thofe that have obfcrv’d them) much after the 
lame manner as thefe do in the Flint and having befides their outward 
forface very regularly lhap’d, retaining very near the lame Figures with 
fome of thofe I obferv*d in the other, became a convenient help to mefor 
the Examination of the proprieties of thofe kind s of bodies. 

And firft for the Reflections j in thefe I found it very oblervable,That 
the brighteft reflections oflight proceeded from within thepe/7w«dbody j 
that is, that the Rays admitted through the pellucid fubftance in their 
getting out on theoppolite fide, were by the contiguous and ftrong re- 
flecting furface of the Air very vividly reflected, fo that more Rays were 
reflected to the eye by this forface, though the Ray in entring and getting 
out of the Cryftal had foffer’da double refraCtion, than there were from 
the outward lurface of the Glafs where the Ray had liiffer d no renrakon 
at all. 
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It may therefore, perhaps, be worthy fome Phyficians enquiry, whether 
there may not be fomething mixt with the Urine in which the Gravel 
or Stone lies, which may again make it diflolve it, the firft of which feems 
by it’s regular Figures to have been Sometimes Cryjlailizd out of it. F 0r 
whether this Cryflalli%ation be made in the manner as Alum^ Peter } 8tc. are 
cryfallized out ofa cooling liquor, in which, by boyling they have been 
diifolv’d j or whether it be made in the manner of Tartamm VitrioUtum 
that is, by the Coalition of an acid and a Sulphureous iubftance, it feeing 
not impoffible,but that the liquor it lies in, may be again made a di/olvext 
of it. But leaving thefe inquiries to Phyficians or Chymifts, to whom 
it does more properly belong, £ (hall proceed. 




Obfcrv . XIII. Of the [mail Diamants, or Sparks in Flints^ 



C Hancing to break a Flint Hone in pieces, I found within it a certain 
cavity all crufted over with a very pretty candied fubftance, feme 
of the parts of which, upon changing the pofture of the Stone, in refpeft 
of the Incident light, exhibited a number of fmall, but very vivid re- 
flections 5 and having made ufe of my Microfcope, I could perceive the 
whole furface of that cavity to be all befet with a multitude of little 
Cryjialine or Adamantine bodies, fo curioufly fhap d, that it afforded a 
not unpleafing objeCt. 

Having confidered thofe vivid repercnjjions of light, I found them to be 
made partly from the plain external furface of thefe regularly figured 
bodies (which afforded the vivid reflections) and partly to be made 
from within the lomewhat pellucid body, that is, from fome furface of the 
body,oppofite to that fuperficies of it which was next the eye. 

And becaufe thefe bodies were fo fmall, that I could not well come to 
make Experiments and Examinations of them, I provided me. feveral 
fmall fines of Cryftals or Diamants, found in great quantities in Corn - 
roall.ii nd are therefore commonly called Cor nip Diamants : thefe being 
very pellucid^ and growing in a hollow cavity ofa Rock (as I have been 
feveral times informed by thofe that have obferv’d them) much after the 
fame manner as thefe do in the Flint, and having befides their outward 
Surface very regularly fhap d, retaining very near the fame Figures with 
fome of thofe I obferv’d in the other, became a convenient help to me for 
the Examination of the proprieties of thofe kinds of bod ies. 

And firft for the Reflections , in thefe I found it very obfervable, That 
the brighteft reflections of light proceeded from within the pel/ucidhoAj-! 
that is, that the Rays admitted through the pellucid fubftance in their 
getting out on the oppofite fide, were by the contiguous and ftrong re- 
flecting furface of the Air very vividly reneCted, fo that more Rays were 
reflected to the eye by this furface, though the Ray in entring and getting 
out of the Cryftal had fuffer’d a double refraCtion, than there were froia 
the outward furface of the Glafs where the Ray had differ d no retiracuon 
at all* 
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And that this was the furfece of the Air that gave fo vivid a re-percuf 
fan I try’d by this means. I funk half of a Jliria in Water, fo that only 
Water was contiguous to the under furface, and then the internal re- 
flexion was lb exceedingly faint, that it was fcarce difcernable. . Again, 
I try’d to alter this vivid reflection by keeping off the Air, with a body 
not fluid, and that was by rubbing and holding my finger very hard 
againft the under fin-face, fo as in many places the pulp of my finger did 
touch the Gluts, without any interjacent air between ; then obferving the 
reflexion, I. found, that wherefoever my finger or fkin toucht the furface, 
from that part there was no reflection, but in the little furrows or creates 
of my fkin, where there remain 'd little final! lines of air, from them was 
return’d a very vivid reflection as before. I try'd further, by making the 
iurface of very pure Quickfilver to be contiguous to the under furface 
of this pellucid, body, and then the reflection from that was to exceeding-^ 
]y more vivid than from the air, as the reflection from air was than 
the reflection from the Water j from all which trials I plainly faw, that 
the ftrong reflecting air was the caufe of this ?h$wmetioh. 

And this agrees very well with the Hypothecs of light and bo- 

dies which I have mention’d in the description of Mufiovy-glafi^ for we 
there fuppofe Glafs to be a ptediumjNhkh does lefs refift the pulfe oflight, 
and confequentIy,that moft of the Rays incident on it enter into it,andare 
refraCted towards the perpendicular whereas the air I fuppofe to b;e a 
body that does more refift it, and confcqucntly more are re-percujs'dtheti 
do enter it : the fame kind of trials have I made, with Cryfiallinc Clap" 
with drops of fluid bodies, and feveral other ways,which do all feem to 
agreeveiy exaCtly with this 'Theory. So that from this Principle well efta- 
blifh d, we may deduce feverall Corollaries not unworthy obfervatiom 

And the firftis, that it plainly appears by this, that the production of 
the Rainbow is as much to be aferibed to the reflection of the concave 
furface of the air, as to the refraction of the O lobular drops : this will be 
evidently mamfeft by thefe Experiments, if you foliate that part of a 
Glafs-ball that is to refleCt an as in the Cartefau Experiment, above 
mention d, the reflections will be abundantly more frrong, and the eo- 
kurs more vivid : and if that part of the furface be touch'd with Water 
fcarce affords any fenfible colour at all, * 

Next we learn, that the great reafon why pellucid bodies beaten finall 

th l muItitude reflections, not from the £ho 

li of the air. And this is evident- 

ly maniftfted, by filhng the Interjhtia of thofe powder'd bodies with 

reafon proceeds^the whitenefs of n nany kinds of Sands v h* h * ^ h f^me 

The whitenefi a Jfc of froth, b f ot tbe ffl oft pm t0 b< , afe ; bed tQ || 

^ 2 tefleCtion 
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reflection of the light from the furface of the air within the Bubble^ 
very little to the reflection from the furface of the Water it felf : for this 
laft reflection does not return a quarter fo many Rays, as that which is 
made from the furface of the air, as I have certainly found by a multitude 

of Obfervations and Experiments. ' 

The whitenefs of Linnen , Paper, Silk., &c. proceeds much from the 
fame reafon as the Microfcope will eaffiy difcover 5 for the Paper is made 
up of an abundance of. pellucid bodies, which afford a very plentiful! re- 
fleCtion from within, that is, from the concave (urface of the air contigu- 
ous to its component particles * wherefore by the affnfion of Water, -OyI 3 
Tallow Turpentine, ^c."all thofe reflections are made more faint, and the 
beams of light are fuffer d to trajeft 8c run through the Paper more freely. 

Hence further we may learn the reafon of the whitenefs of many bo- 
dies and by what means they maybe in part mad t pellucid: As white 
Marble for inftance, for this body is compofed of a pellucid body ex- 
ceedingly flaw'd, that is, there are abundance of thin, and very fine 
cracks or chinks amongft the multitude of particles of the body, that con- 
tain in them fmall parcels of air,whieh do fo re-pertuf and drive back the 
penetrating beams, that they cannot enter very deep within that body, 
which the Microscope does plainly inform us to be made up of a Congeries 
of pellucid particles. And I further found it fomewhat more evidently by 
fome attempts l made towards the making tranfparent Marble, for by 
heating the Stond a little, and foaking it in Oyl, Turpentine, Oyl of Tur- 



pentine, &c, I found that I was able to fee much deeper into the body of 
Marble then before ; and one trial, which was not with an unCtuous fub- 
fhmce,fiicceeded better than the reft, of which, when I have a better op- 
portunity, I fhall make further trial. ■ T . , 

This alfo gives us a probable reafon of the fo much admired rbetto- 
mma of the Ocuhts Mnndi , an Oval ftone, which commonly looks like 
white Alabafter, but being laid a certain time in Water, it grows 
and tranfparent, andbeing fuffer’d to lie again dry, it by degrees lores 
that tranfparency, and becomes white as before. T or the Stone being ot 
a hollow fpongie nature, has in the firft and laft of thefe appearances, all 
thofe pores fill'd with the obtunding and reflecting air 5 whereas in the 
fecond all thofe pores are fill'd with a medium that has much the fame 
vefraCtion with the particles of the Stone, and therefore thole two being 
contiguous, make, as 'twere, one continued medium, of which more isw 

in the 1 5. Obfervation. , , f _ m j* 

There are a multitude of other Phenomena, that are produc d nomtn 
fame Principle, (which as it has not been taken notice of by any yet tfta 
know, fo I think, upon more diligent obfervation, will it not be found th 
lead confiderable. But I have here onely time to hint Hypothejes, and n 
to profecute them fo folly as I could wifo 5 many of theft having a» 
extent in the production of a multitude of rhanomem, which have , 
by others, either not attempted to be explain’d, or elfe attributed t ^ 
other caufe than what I have affign’d, and perhaps than the «g ht ? f 
therefore I foal! leave this to the profecution ot fuch as have more lc 
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onelv before I leave it, Imuft not pretermit to hint, that by this Prin- 
ciple multitudes of the Phenomena of the air, as about Mijts Clouds, Me- 
tears 3 Haloes frc. are moft plainly and (perhaps) truly explicable* multi- 
tudes alfo of the Phenomena in colour’d bodies, as liquors, arede- 

^And from this I (hall proceed to a fecond confiderable Phenomenon 
which thefe Diamants exhibit, and that is the regularity of their Figure, 
which is a propriety not- lefs general than the former 5 It comprifing with- 
in its extent, all kinds of Metals, all kinds of MineralsjStbR Precious ftoms, 
all kinds’of multitudes of Earths, and almoft all kinds of 'fluid bodies * 

And this is another propiety, which, though a little fuperficially taken 
notice 'of by fome, has not, that I know, been fo much as attempted to 
be explicated by any. 

This propriety of bodies, as I think it the moft worthy, and next in or- 
der to be Conliderd after the contemplation of the Globular Figure, fo 
have I long had a defire as wel as a determination to have profecuted it if I 
had had an opportunity', having long fince propos’d to my felf the method 
of my enquiry therein, it containing all the allurements that I think any 
enquiry is capable of: For, firft I take it to proceed from the moft fimple 
principle that any kind of form can come from, next the Globular , which 
was therefore the firft I fet upon, and what I have therein perform’d, | 
ieave the Judicious Reader to determine. For as that form proceeded 
from a propiety of fluid bodies, which I have call'd Congruity, or Incon- 
gruity, fo I think, had I time and opportunity, I could make probable, 
that all thefe regular Figures that are lb confpicuoully various and curi- 
ous, 2nd do fo adorn and beautifie fuch multitudes of bodies, as I have 
above hinted, arife onely from three or four feveral pofitions or poftures 
of Globular particles, and thofe the moft plain,obvious, and necefiary con- 
junctions of fuch figur’d particles that are poffible, fo that fuppofing fuch 
and fuch plain and obvious caufes concurring the coagulating particles 
11111ft necefiarily compofe a body of fuch a determinate regular Figure, 
and no other ; and this with as much neceflity and obvioufoefs as a fluid 
body encompaft with a Heterogeneous fluid niuft be protruded into a 
Spherule or Globe . And this I have ad oculum demonftated with a com- 
pany of bullets, and fome few other very fimple bodies * fo that there was 
not any regular Figure, which I have hitherto met withall, of any of thofe 
bodies that I have above named, that I could not with the compofition of 
bullets or globules, and one or two other bodies, imitate, even almoft 
by making them together. And thus for inftance may we find that the 
Globular bullets will ofthemfelves,if put on an inclining plain.fo that they 
inayrun together, naturally run into a triangular order, compofineaU 
utlT' y A r fi s i ' r “' harca " b f raagro'tl to be made out of trilateral 
co 2 !AfTc“ Ch | WI 7°U ttial s all the furfaces of Alum to be 

theTcan 7‘, etSl,m£0n , a P J ai ”> as to one another as 

If a .j as in A in the y. scheme. 

a fourth be joyn d to them on either fide as clofely as it can thev four 

*- mpofo the moft regular Rhombus confifting of two etq uilateraltrilngles , 

as 
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as B. If a fifth be joyn’d to them on either fide in as clofe a pofition asfe 
can, which is the propriety of the Texture ’\t makes a Trapezium, or f 0Ur , 
fided Figure, two of whofe angles are 120. and two 60. degrees, as Q 
If a fixth be added, as before, either it makes an equilateral triangle,^ 
or a Rhomboeid, as E,or an Hex- angular Figure, as F, which is com’ 
pos’d of two primary Rhombes. If a feventh be added, it makes either 
an eequi later o-hex agonal Figure , as G, or feme kind of fix-fided 
gure , as H, or L And though there be never fo many placed together, 
they may be rang’d into fome of thefe lately mentioned Figures, all the 
angles of which will be either 60. degrees, or lao, as the figure K, 
which is an a equiangular hexagonal Figure is compounded of 12. Globules, 
or may be of 2 5, or 27, or 36, or 42, &c. and by thefe kinds of texture’ 
or pofition of globular bodies, may you find out all the variety of regular 
fhapes, into which the fmoothfurfaces of Alum are form'd, as upon ex- 
amination any one may ealily find 5 nor does it hold only in fuperficies,but 
in folidity alfo.for it’s obvious that a fourth Globule laid upon the third in 
this texture, compofes a regular ’Tetrahedron , 'whi ch is a very ufual Figure 
of the Crystals of Alum, And (to haften) there is no one Figure into which 
Alum is obferv’d to be cryftallized, but may by this texture of Globules 
be imitated, and by no other. 

I could infiance alfo in the Figure of sea-jaltyu.nl Sal-gem, that it is com- 
pos’d of a texture of Globules , placed in a cubical form, as L, and that all 
the Figures ofthofe Salts may be imitated by this texture of Globules, and 
by no other whatfoever. And that the forms of Vitriol and of Salt -Peter, 
asalfo of Cryfial,Hore-froSl, &c. are compounded of thefe two textures, 
but modulated by certain proprieties : But I have not here time to in- 
fift upon, as I have not neither to fhew by what means Globules come to 
be thus context, and what thofe Globules axe, and many other particulars 
requifite to a full and intelligible explication of this propriety of bodies. 
Nor have I hitherto found indeed an opportunity of profecuting the in- 
quiry fo farr as I defign'd $ nor do I know when I may, it requiring abun- 
dance of time, and a great deal of alliftance to go through with what I 
ign’d j the model of which was this : 



Fjrft,to get as exadt and full a collection as I could, of all the differing 
kinds of Geometrical figur’d bodies, fome three or four feveral bodies of 
each kind. 

Secondly, with them to get as exact a Hiftory as poflibly I could learn 
of their places of Generation or finding, and to enquire after as many 
circumftances that tended to the Illuftrating of this Enquiry, as poflibly 
I could oblerve* 

Thirdly, to make as many trials as upon experience I could Andre- 
quifite,in Difiolutions and Coagulations of feveral cryftallizing Salts j'/or 
the needftill inftrudrion and information in this Enquiry. 

Fourthly, to make feveral trials on divers other bodies, as Metals, 
Minerals, and Stones, by diflolving them in feveral Menfiruums, ana 
cryftalizing them, to fee what Figures would arife from thofe feveral 
CoMpofitnms.. 

J Fifthly, 
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Fitfthly, to make Compofitions. and Coagulations of feveral Salts to- 
gether into the fame maft, to obferve of what Figure the prod ud of 
them would be 5 and in all, to note as many circumftances as I fhould 
judge conducive to my Enquiry. 

Sixthly, to enquire the clofeneft or rarity of the texture of thefe bo- 
dies, by examining their gravity, and their refradion, <&'c. 

Seventhly, to enquire particularly what operations the fire has upon 
feveral kinds of Saks, what changes it caufes in their Figures, Textures, 
or Energies. 

Eighthly, to examine their manner of difiolution, or ading upon thofe 
bodies dilloluble in them 5 The texture ofthofe bodies before and after 
the procels. And this for the Hiftory. 

Next for the Solution, To have examin’d by what, and how many 
means, fuch and luch Figures, adions and efFeds could be produc'd 
poifibly. 

And laftly, from all circumftances well weigh’d, I fhould have endea- 
voured to have fhewn which of them wasmoft likely, and (if the infor- 
mat ions by thefe Enquiries would have born it) to have demonftrated 
which of them it muft be, and was. 

But to proceed, As I believe it next to the Globular the rrioft fimple 5 
fodo I, in the feeond place, judge it not left pleafant j for that which 
makes an Enquiry pleafant, are, firft a noble Inventnm that promifes to 
crown the fucceftfull endeavour 5 and fuch muft certainly the knowledge 
of the efficient and concurrent caufes of all thefe curious Geometrical 
Figures be,Which has made the Philofophfers hitherto to conclude nature 
in thefe things to play the Geometrician, according to that faying of 
Plato, O ©ilf Or next, a great variety of matter in the Enqui- 

ry h and here we meet with nothing left than the Mathematicks of nature- 

foTno S thSdy y 3 new Fi B urc t0 contemplate^ a variation of the fame 

Which do afford us a third thing, which will yet more fweeten the En- 

SSStf?** m " klt . ude information ^ we are not fo much to grope 
in the daik, as in moft other Enquiries, where the Inventnm is great • for 
having fuch a multitude of mftances to compare, and fuch cafe wavs of 

proceed bv TT^E i h T C f in0t but Jearn P^ntifull information to 

§ ass z %*F “ ,h ^ 
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tive bodies 5 and laft of all, of Animate ones, that feeming to be the 
higheft ftep of natural knowledge that the mind of man is capable of. 

Obferv. XIV. Of feveral kjntfes of frozen Figures. 

I Have very often in a Morning, when there has been a great foar-frofc 
with an indifferently magnifying Microfiope , obferv’d the fmall 
or Cryftalline beard, which then ufually covers the face of moft bodies 
that lie open to the cold air, and found them to be generally Hexafipfo 
prifmatical bodies, much like the long Cryftals of Salt-pet er, faveonely 
that the ends of them were differing : for whereas thofe of Nitre are f 0r 
the moft part pyramidal, being terminated either in a point or edge 5 
• thefeofFroft were hollow, and the cavity in fome feem'd pretty deep, 
and this cavity was the more plainly tobefeen, becaufe ufually one or 
other of the fix parallelogram fides was wanting, or at leaft much (hotter 
then the reft. 

But this was onely the Figure of the Bearded hoar-frojl ; and as for the 
particles of other kinds of hoar-frofis, they feem’d for the moft part irre- 
gulars or of no certain [Figure. Nay, the parts of thofe curious branch* 
mgs, or vortices, that ufually in cold weather tarnifh the furface of 
Glafs, appear through the Microjcope very rude and unfbapen, as do 
moft other kinds of frozen Figures, which to the naked eye feem exceed- 
ing neat and curious, fuch as the Figures of Snow, frozen Vrine, mil , 
feveral Figures frozen in common Water,^. Some Obfervations of each 
of which I fhall hereunto annex, becaufe if Well Confider’d and ex* 
ami 1 nd, they may, perhaps, prove very inftru&ive for the finding out of 
what I have endeavoured in the preceding Obfervfrtion to {hew,tob£ 
(next the Globular Figure which is caus’d by congruity , as I hope rhave 
made probable in the lixth Obfervation ) the moft fimple and plain opera* 
tion of Nature, of which, notwithftanding we are yet ignorant. 

I. 

Several Obfervabh in the fix-branched figures form'd on the fur* 
face of Vrine by freezing . 

1 The Figures were all frozen almoft even with the furface of the 
Vrine in theVefiel, but the bigger Items Were a little prominent abOv 
that furface, and the parts of thofe ftems which were neareft the cen 

( *1 Figures, fome Mta . 

ger then a Two*pence } others fo bigg, that I have by meafiire fouhdone 
of its ftems or branches above four foot lohg 5 and ofthefe, ioniew 
pretty found, having all their branches pretty fleer alike * ot herot _ 

were more extended towards one fide, as ufually thofe very larg ^ 





88 



Mi crograp h iAi 

tive bodies 5 and laft of all, of Animate ones, that fceming to be the 
higheft ftep of natural knowledge that the mind of man is capable of. 



Obferv. XIV. Of feveral hjndes of frozen Figures. 

I Have very often in a Morning, when there has been a great hear-frtfa 
with an indifferently magnifying Microfcope , obferv’d the fmall Stirfa, 
or Cryftalline beard, which then ufually covers the face of moft bodies 
that lie open to the cold air, and found them to be generally Hexangukr 
prifmatical bodies, much like the long Cryftals of Salt-peter , faveoncly 
that the ends of them were differing : for where ts thofe of Nitre are for 
the moft part pyramidal, being terminated either in a point or edge' 
thefeof Froft were hollow, and the cavity in fome feem’d pretty deep, 
and this cavity was the more plainly tobefeen, becaufe ufually one or 
other of the fix parallelogram fides was wanting, or at leaft much (hotter 
then the reft. 

But this was onely the Figure of the Bearded hoar-frojt 5 and as for the 
particles of other kinds of hoar-frojls, they feem’d for the moft partirre- 
gularjorofno certain (Figure. Nay, the parts of thofe curious branch- 
ings, or vortices , that ufually in cold weather tarni(h the furface of 
Glafs, appear through the Microfcope very rude and unftapen, as do 
tnoft other kinds of frozen Figures , which to the naked eye feem exceed- 
ing neat and curious, fuch as the Figures of Snow, frozen Vrine, Hsil , 
feveral Figures frozen in common Water ,&c. Some Obfervations of each 
of which I (hall hereunto annex, becaufe if Well confider d and ex- 
ami’nd, they may, perhaps, prove very inftruftive for the finding out of 
what I have endeavoured in the preceding Obfervation to (hew, to be 
fnext the Globular Figure which is caus’d by congruity, as I hope I have 
made probable in the fixth Obfervation) the moft fimple and plain opera- 
tion of Nature, of which, notwithftanding we are yet ignorant. 

I. 

Several Obfervables in ^fix-branched Figures form' donth fur • 
face of Vrine by freezing. 
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1 The Figures were all frozen almoft even with the furface ofthe 

Vrine intheVeflel, but the bigger ftems were a little prominent aW 
that furface, and the parts of thole ftems which were nearelt the cen 
(d) were biggeft above the (urface. .. 

2 I have obferv’d feveral kinds of thefe Figures, fome fmaller, n g 

get then a Two-pence, others fo bigg, that I have by meafure found * 

of its ftems or branches above four foot lOhgjand oftheTe toe w re 
pretty found, having all their branches pretty fleer alike 5 othe neS 
were more extended towards one fide, as ufually thofe vciy rg ^ 






M I c K 6 G K A P bt I Ai 

were, which I have obferv’d in Ditches which have been fitil of foul 

2 None of all thefe Figures I have yet taken notice of, had any regu- 
lar pofition in relped of one another, or of the fides of the V.efie% nor 
did I find any of them equally to exaftneft extended every way from 

the centers. , f , . 

4 Where ever there was a center, the branchings from it, ah>a % a rf, 

a e, af ag> were never fewer, or more then fix, which ufually dotxcurr’d, 
or met one another very neer in the fame point or center, V«, though 
oftentimes not exactly ; and were enclin’d to each other by an angle, of 
very neer fixty degrees, I lay, very neer, becaufe, though having en- 
deavoured to mealure them the mod acurately I was able, with the 
larged Compares I had, I could not find any fenfible variation from that 
meafure, yet the whole fix-branched Figure teeming to compote afolid 
angle, they muft necefiarily be fomewhat lefs. 

5 The middle lines or hems of thefe branches, a ft, ac,ad 3 a e, af ag, 
teem'd fomewhat whiter, and a little higher then any of the inter mediate 
branchings of thefe Figures, and the center *r, was. the mod prominent 
part of the whole Figure, feeming the apex ofa folid angle or pyramid^ 
each of the fix plains beinga little enclin’d below the fur face of the Vrin. 

6 The lateral branchings ifiiiing out of the great ones, fitch as op b 
tu y, &c. were each of them inclin'd to the great ones, by the fame :angle 
of about fixty degrees,as thegreat ones wereoneto another, and always 
the bigger branchings were prominent above the left, and the left above 
the lea if, by proportionate gradations 

7 The lateral branches fliooting out of the great ones, went all of them 
from the center, and each of rhem was parallel to that great branch, next 
to which it lay fc that as all the branches on one fide were parallel to 
one another, fo were they all of them to the approximate great branch, 
asp t>) y r, as they were parallel to each other,and fhot from the center, 
fo were they parallel alfo to the great branch ah. 

8 Some of the Items of the fix branches proceeded ftraight, and ofa 
thicknels that gradually grew lharper towards the end, as 

9 , hers of the items of thole branches grew bigger and knotty to- 
wards the middle, and the branches alfo as well as Items, from Cylinders 
grew into 1 lates. m a moil admirable and curious order, fo excecdinere- 
gular and delicate asnothing could be more, as is vifible in ab,a c% d 
a e, af but towardsthe end of feme of thefe items, they began again to 
grow fmaller and to recover their former branchings, as about * Id * 

c ° f thC tT l bra ? ches had collateral branches (if I may fo 

ZttSl aS qm h fu m r Dy fuch as A and moft of: thote again L- 

UniZollaZ T m A W fe aga - lD h L ad 0thefS lefs ^ Whkh ° nC ^ 
figures 5 and fb^fe again others, and they others, in greater 

gular Ifo^nnr^^H^ 5 ra tb ^. rr ? a * n ® teiris joyn’d not together by any re- 

E otber fide of 

al and fubcoUateral branches did lie at top of one 
O another 
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another according to a certain order or method, which I always obferv’d. 
to be this. 

12 That fide of a collateral or fubcolhteral^ 8cc.^ branch, lay over the 
fide of the approximate (as the feathers in the wing of a Bird) whofe 
branchings proceeded parallel to the laft biggeft ftem from which it 
fprung,and not to the biggeft ftem of all, unlefs tiiat were a fecond ft em 

backwards, , 

1 3 This rule that held in the branchings of the Sexattgular Fi gm h^ 

alfo in the branchings of any other great or fmall ftem, though it did 

not proceed from a center. . c , r , 

14 The exaftnefs and curiofity of the figuration of thefe branches, 
was in every particular fo tranfcendent, that I judge it almoft irapoffible 
for humane art to imitate. 

15 Tailing feveral cleer pieces of this Ice , I could not hnd any Vrhi- 
ms tafte in them, but thofe few I tafted, feem’d as infyid as water. _ 

1 6 A figuration lbmewhat likethis^ though indeed in fome particu- 

Jars much more curious, I have feveral times obferv’d in regulus martk 
fleUatuSy but with this difference, that all the ftcmsand branchings are 
bended in a moft excellent and regular order, whereas in Ice the items 
and branchings are ftreight, but in all other particulars it agrees with 
this, and feems indeed nothing but one of theie ftars,or branched Figures 
frozen on Urine, diftorted, or wreathed a little, with a certain propor- 
tion : Lead alfo that has Arfenkk and fome other things mixt with it, I 
have found to have its forface, when fuffer’d to cool, figured fomewhat 
like the branchings of Vrine 3 but much fmaller. , 

17 But there is a Vegetable which does exceedingly imitate theie 
branches, and that is, Fearn, where the main ftem may be obferv'd to 
(hoot out branches, and the items of each of thefe lateral branches, to 
fend forth collateral , and thofe JubcoHateral, and thofe latero jukoUan* 
rat &c. and all thofe much after the fame order with the branchings, di- 
vifions, and fubdivifions in the branchings of thefe Figures in frozen 
Urine ; fo that if the Figures of both be well confider d, one would ghefs 
that there were not much greater need of; a feminal principle tot the pro- 
duction of Fearn, then for the produftion of the branches of 

the Stella martis , there feeming to be as much form and beauty in 

^And^nckedfthis Plant of Team, if all particulars be welt confderd, 
will feem of as fimple, and uncompounded a form as znyPegetM , _ 

to Mould or Mujhromes , and would next after the invention of the 
of thofe, deferve to be enquir’d into 5 for notwithftandmg ^ ve !/ j 
affirm’d it to have feed, and to be propagated thereby 5 y c k & 
have made very diligent enquiry after that particular, I cam n ^ 
there is any part of it that can be imagin d to be more feminal 

other : But this onely here by the by : 

For the freezing Figures in Vrine t I found itrequilite, 

Firft, that the Superficies be not difturbed with any wind, 
commotion of the air, or the like. Secondly* 
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Secondly, that it be not too long expofed, fo as that the whole bulk 

be frozemfor oftentimes, infuch cafes, by reafonof theiwelhngthe of Ice, 

r „„ c nrr . e other caufe the curious branched Figures difappeai. 

and A f ?] / d *? theont ; 

fideof the containing Veflel, fucceedsnot well, unlefs there be avery 

ht Fourthly*' If you take any cleer and fmooth Gfefs, and wetting all the 
infideofit with Vrine, you expofe it to a very fharp freezing, you will 
find It coverd with avery regular and canons r igure* 

n. 

( t 

Obfervables in figur'd Snow* 

Expofing a piece of black Cloth, or a black Hatt to the falling jA 

I have often with great pleafure, obferv’d fuch an infinite variety of cu- 
rioufly figur’d Snow , that it would be as impoifible to draw the Figure 
and fhape of every one of them, as to imitate exactly the curious and 
Geometrical Mechanifine of Nature in anyone. Some coorfe draughts, 
fuch as the coldnefs of the weather, and the ill provifions, I had by me 
for fiich a purpofe, would permit me to make, I have here added in the 
Second Figure of the Eighth Scheme . 

In all which I obferv’d, that if they were of any regular Figures, they 
were always branched out with fix principal branches, all of equal length, 
fhape a. id make, from the center, being each of them inclin’d to either of 
the next branches on either fide of it, by an angle of fixty degrees. 

Now, as all thefe fterns were for the moft part in one flake exaftly of 
the feme/make, fo were they in differing Figures of very differing ones 5 
fo that in a very little time I have obferv’d above an hundred feveral cizes 
and fhapes of thefe ftarry flakes. 

The branches alfo out of each ftem of any one of thefe flakes, were ex- 
adtly alike in the fame flake 5 fo that of whatever Figure one of the 
branches were, the other five were fore to, be of the feme, very exactly, 
that is, if the branchings of the one were fmall Perallelipipeds or Plates* 
the branchings of the other five were,, of the fame, and generally, the 
branchings were very conformable to the rules and method obferv’d be- 
fore, in the Figures on Urine,, that is, the branchings from each fide of 
the fterns were parallel to the next ftem on that fide, and if the ftems 
were plated, the branches alfo were the feme , if the ftems were very 
long, the branches alfo were fo, &c. 1 

Obferving fcmeof thefe figur’d flakes with a Microfcope^ I found them 
not to appear fo cur ious and exactly figur'd as one would have imaging 
but like Artificial Figme M he higgler they were magnify d, themo^eir* 
a p pear d in them 5 but this irregularity feem’d aferibabje to 

the fell,, and not at all to the 
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appears by the help of the Microfcope , to be very many degrees finaller 
then the moft acute eye is able to perceive without it. And though one 
ofthefe fix-branched Stars appear’d here below much of the lhape de- 
fcribed in the Third Figure of the Eighth Scheme $ yet I am very apt to 
think,that could we have a fight of one of them through a Microfcope as 
they are generated in the Clouds before their Figures are vitiated by 
external accidents, they would exhibit abundance of curiofity and neat- 
nefs there alfo, though never lo much magnify ’d : For fince I have ob- 
ferv’d the Figures of Salts and Minerals to be tome of them to exceeding 
fmall, that I have fcarcely been able to perceive them with the Microfcope 
and yet have they been regular, and fince (as far as J have yet examin’d 
it) there feems to be but one and the lame caufe that produces both thefe 
effe&s, I think it not irrational to luppofe that thefe pretty figur’d Stars 
of Snappy when at fir ft generated might be alto very regular and exaft. 



III. 

Several kinds of Figures in Water frozen. 

Putting fair Water into a large capacious Veflel of Glafs, andexpofing 
it to the cold, I obferv’d after a little time, feveral broad, flat, and thin 
Umn£ z or plates of Ice, crofting the bulk of the water and one another 
very irregularly, onely moft of them feem’d to turn one of their edges to- 
wards that fide of the Glafs which was next it, and feem’d to grow, as 
*twere from the inlideofthe Veflel inwards towards the middle, almoft 
like to many blades of Fern. Having taken feveral of thefe plates out of 
water on the blade of a Knife, I obferv’d them figur’d much after the 
manner of Herring hones , or Fern blades , that is, there was one bigger 
ftem in the middle like the back-bone, and out of it, on either fide, were 
a multitude of fmally?w7<f, Gt icicles ^ like the finaller bones,or the finaller 
branches in Fern } each of thefe branches on the one fide, were parallel to 
all the reft on the fame fide, and all of them feem’d to make an angle 
with the ftem,towards the top, of fixty degrees, and towards the bot- 
tom or root of this ftem, of 120. See the fourth Figure of the 8- Flate. 

I obferv'd likewife feveral very pretty varieties of Figures in Water, 
frozen on the top of a broad flat Marble-ftohe, expos’d to the cold with 
a little Water on it, tome like feathers, tome of other fhapes, many of 
them were very much of the fhape expreft in the fifth Figure of the 
8- Scheme^ which is extremely differing from any of the other Figures. 

I obferv’d likewife, that the fhootings of Ice on the top of Water, be- 
ginning to freez, were in ftreight prifmatical bodies much likethofeoi 
roeh-peter^ that they croft each other ulually without any kind of order 
or rule, that they were always a little higher then the furface of the Wa- 
ter that lay between them 5 that by degrees thofe interjacent fpaces 
would be fill’d with Ice alto, which ulually would be as high as the for- 
face of the reft. 1 

In flakes of Ice that had been frozen on the top of Water to any con* 
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fiderable thicknefs, I obferv’d that both the upper and the under fides 
ofit were curiouOy quill'd, furrow'd, or grain'd, as it were, which whert 
the Sun flione on the Plate, was exceeding eafily to be perceiv d to be 
much after the lha pe of the lines in the '6. Figure of the Q.8chenie,tmt:\Sy 
they confided of feveral ftreight ends of parallel Plates, which were-of 
divers lengths and angles to one another without any certain order. 

The caufe of all which regular Figures (and of hundreds of others^ 
namely of Salts, Minerals , Metals, &c. which I could have here inferred,* 
would it not have been too long) feems to be dedncible from the fame 
Principles, which J have (in the 13. Obfervation)h\nted only, having not 
yet had rime to compleat a Theory of them. But indeed (which I there 
alfo hinted) I judge it the feoondftep fry which the Pyramid of natu- 
ral knowledge (which is the knowledge of the form of bodies) is to 
be afeended: And whofoever will climb it, mull be well furniffi'd 
with that which the Noble Verttlanz calls sealant InteUe&u-s 5 he muft 
have Scaling Ladders, otherwife the fteps are fo large and high, there 
will be no getting up them, and confequently little hopes of attaining 
any higher ( bit ion, fuch as to the knowledge of the moll fimple principle 
of Vegetation m a ni felled in Mould and Mufhromes, which, as I elfe- 
where endeavoured to (hew, feems to be the third ftep; for it feems to 
me, that the Intelledfc of man is like his body, destitute of wings, and. 
cannot move from a lower to a higher and more lublime (lation of know- 
led g, otherwife then (lep by ftep,nay even there where the way is prepar'd 
and already made paffible ;as in the Elements of Geometry, or the like, 
where it is fain to climb a whole Jerks of Propofitions by degrees, before 
it attains the knowledge of one Problems. But -if the afeent be high, dif- 
ficult and above its reach, it muft have recourfe to a novum organum, 
feme new engine and contrivance, feme new kind of Algebra, or Analy- 
tic^ Art before it can furmount it. 




• j — uuu vj ifjc pores oj inani- 

mate bodies. 

T His Stone which is brought from Kettering irt Northamptm-lhire, and 
Ijffi out of a Quarry^, -as I am inform’d, has a grain altogether 

Se it b ^m n J h2Ve f eVfl ’* en or , ^ard of any other ftone that his the 
ifce. It is made up of an innumerable company of fmall bodies, not all 

a nlfrr °rfoape, butforthemoft part, not much differing from 

0r G fou^ Or,I l. : 'i," Or cxcccd th ^y One another in Diameter above three 
orfout times; thev appear to the eye ; like the Cobb or Ovary of a 

feve a little depreft and pro, lied 

the 
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fiderable thicknefs, I obferv’d that both the tipper and the under .fides 
ofit were curioufly quill'd, furrow’d, or grain’d, as it were, which wherl 
the Sun fhone on the Plate, was exceeding eafily to be perceiv’d to be 
much after the fhape of the lines in the 6 . Tigure of the $. Scheme, that is, 
they confifted of feveral (freight ends of parallel Plates, which wereof 
divers lengths and angles to one another without any certain order. 

The caufe of all which regular Figures (arid of hundreds of others^ 
namely of Salts , Minerals , Metals , &c. which I could have here inferred;, 
would it not have beat too long) feems to be deducible from the feme 
Principles, which I have (in the 13. Obfervation') hinted only, having not 
yet had timeto compleata Theory of them. But indeed (which I there 
alfo hinted) I judge it the fecond ftep by Which the Pyramid of natu- 
ral knowledge (which is the knowledge of the form of bodies) is to 
beafeended: And whofoever will climb it, muft be well fumifh’d 
with that which the Noble Verultm calls Scalam Irrtelle&us 5 he muft: 
have fealing Ladders, otherwiie the fteps are fo large and high, there 
will be no getting up them, and confequently little hopes of attaining 
any higher ftation, fuch as to the knowledge of the moil (imple principle 
of Vegetation manifefted in Mould and Mufhromes, which, as I elfe- 
where endeavoured to (hew, feems to be the third fteps for it feemsto 
me, that the Intelleft of man is like his body, deftitute of wings, and. 
cannot move from a lower to a higher and more fublime ftation of know- 
Jcdg,otherwife then ftep by ftep,nay even there where the way is prepar’d 
and already made paffible $ as in rhe Elements of Geometry, or the like 
where it is fain to climb a whole feries of Propofitions by degrees, before 
it attains the knowledge of one rroblcme. But if theafeent be high dif- 
ficult and above its reach, it muft have recourfc to a novum organum , 
feme new engine and contrivance, feme new kind of Algebra, or Anal*- 
ttek^ Art before it can furmount it* J 





Obferv. XV. Of Kettering-ftone, and of the pores tf InanU 
mate bodies. 
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the other fideS as much outwards beyond the limits of a Globe j as 
it would happerijif a heap of exaftly round Balls of foft Clay were heap d 
upon one another ; or, as I have often feen a heap of ftnall Globules of 
Quicksilver, reduc’d to that form by rubbing it much in a glaz’d Vefle], 
with feme llimy or lluggilh liquor, fuch as Spittle, when though the top 
of the upper Globules be very neer fpherical, yet thofe that are preft 
upon by others , exactly imitate the forms of thefe lately mention’d 
grains. 

Where thefe grains touch each other, they are lo hrmly united or 
fettled together, that they feldom part without breaking a hole in one 
or th other of them, fuch as 4,4,4, £,c,c,& c. Some of which (rations, 
as 4, 4, 4, 4, where the touch has been but light, break no more then 
the outward cruft, or firftlhell of the ftone, which is of a white colour, 
alittle da fil’d with a brownilh Yellow,and is very thki,like the (hell of an 
Egg : and I have feen feme of thofe grains perfcftlyrefemble feme kind 
of Eggs.both in colour and Ihape : But where the union of the contiguous 
granules has been more firm, there the divulfion has made a greater 
Chafm, as at b,b,b, in fo much that I have obferv’d fome of them quite 
broken in two, as at c, c, c, which has difeovered to me a further refem- 
blance they have to Eggs, they having an appearance of a white and yelk, 
by two differing fubftances that envelope and encompafs each other. 

That which we may call the white was pretty whitifh neer the yelk, 
but more dufkie towards the Ihell , fome of them I could plainly per- 
ceive to be fhot or radiated like a Pjirites or fire f one h the yelk in fome 
I faw hollow, in others fill’d with a dufkie brown and porous lub- 

ftance like a kind of pith. . , , , _ . . , 

The fmall pores, or interftitia eeee betwixt the Globules, I plainly 
faw, and found by other trials to be everyway pervious to air and water, 
for I could blow through a piece of this none of a confiderable thicknels, 
as eafily as I have blown through a Cane, which minded me o t e pores 
which Des Cartes allow his materia JhbtiUs between the ethereal globules. 

The obieft, through the Microfcope, appears like a Congeries or heap 
of Pibbles, fuch as I have often feen caft up on the fhore, by tha work- 
ing of the Sea after a great ftorm, or like (in fhape, though not colour) 
a company of fmall Globules of Quickfilver, look d on with a Mnrofcope, 
when reduc'd into that form by the way lately mentioned. And per- 
haps this laft may give fome hint at the manner of the formation of the 
former: For fuppSng fome L.pid'/i'it fubfknce to be generatedor 
fome way brought (either by fome commixture of bodies in the ga it 
felf or protruded in, perhaps, out of foni v.juptcniitteeiis caverns) 
bottom of the Sea, and there remaining™ the 

filver, heterogeneous to the ambient Saline fluid, it may by the wo g 
and mmblini of the Sea to and fro be jumbled and comminu ed into 
fuch Globules as may afterwards be hardned into Flints, the ymg ^ 
which one upon another, when in the Sea, being not very held, y - 
fon of the weight of the incompafiing fluid, may caufe the undemoft to 
be a little, though not much, varied from a globular Figure. But t iso^ y 

by the by. 
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After what manner this KcUeri»S-Jl°»' foould be 

m „ pvpr Keen there to view the place, and oDiervemt4.ii 

learn, ftru&ure of it to be generated 

f U " ft fn n rn1 fubfta nee once more fluid, and afterwards by degrees growing^ 
the fame manner as I fuppofed the generate of 

F But wlScvenvere the caufe of its curious texture, we may learn this 
- r B innfrnm if that even in thofe things which we account vile, 
rudSnd coorfe, Nature has not been wanting to (hew abundance of cu- 

rl °W^a d ySe I find ^ Stone by help of a Microfiche, to be made up of 
abundance of fmall Balls, which do but juft touch each other, and yet 
there being fo many contacts, they make a firm hard mafe, or a Stone much 

harder then Free-ftone. . , 

1 Next though we can by a Microfcope difeern lb curious a fhape in the 

particles, yet to the naked eye there fcarce appears any fuch thing 5 
which may afford us a good argument to think, that even in thole bodies 
alfo, whole texture we are not able to difeern, though help d. with Micro- 
fcopes. there may be yet latent lb curious a Schematifme , that it may abun- 
dantly fatisfie the curious fearcher, who lhall be lo happy as to find fome 
way to difcover it. 

Next, we here find a Stone, though to the naked eye a very dole one, 
yet every way perforated with innumerable pores, which are nothing elf® 
but the interjlitiajberween thole multitudes of minute globular particles, 
that compofe the bulk it felf j and thefe pores are not only difcover d by 
the Microfcope , but by this contrivance. 

I took a pretty large piece of this ftone, and covering it all over with 
cement, lave only at two oppofite parts, I found my lelf able, by blowing 
in at one end that was left open, to blow my lpittle,with which I had wet 
the other end, into abundance of bubbles, which argued thefe pores to 
be open and pervious through the whole ftone, which affords us a very 
pretty inftance of the poroulnels of fome ieemingly dole bodies ,of which 
kind I lhall anon have occafion tofobjoyn many more, tending to prove 
the fame thing. 

I muft not here dmit to take notice, that in this body there is not a 
vegetative faculty that fhould fo contrive this ftrufture for any peculiar 
ufe of Vegetation or growth, whereas in the other inftances of vegetable 
porous bodies, there is an animator forma infer mans, that does contrive 
all the Structures and Mechanifmes of the conftituting body, to make 
them fubfervient and ufefull to the great Work or Function they are to 
perform. And fo I ghefs the pores in Wood, and other vegetables, in 
bones, and other Animal fubftances, to be as lb many channels,provided by 
the Great and Alwile Creator, for the conveyance of appropriated juycea 
to particular parts. And therefore, that this may tend, or be pervious all 
towards one part,and may have impediments,as valves or the like, to any 
other } but in this body wehave very little reafon to fulpedt there Ihould 
be any fuch defign, for it is equally pervious every way, not onely for- 
ward. 
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ward 9 but backwards, and fide- ways, and fee-ms indeed much rather to be 
Homogeneous or fimilar to thofe pores, which we may with great proba- 
bility believe to be the channels of pellucid bodies, not directed, or more 
open any one way, then any other, being equally pervious every way 
And, according as thefe pores are more or greater in refpeft of the 
terjiitial bodies, the more tranlparent are the fo conftituted concretes - 
and the finaller thofe pores are, the weaker is the Impulfe of light com- 
municated through them, though the more quick be the progreft. 

Upon this Occafion., I hope it will not be altogether unfeafonable, if I 
propound my conjectures and Hypothecs about the medium and con- 
veyance of light. 

I fuppofethen, that the greateft part of the Interjhtia of the world, 
that lies between the bodies of the Sun and Starrs, and the Planets, and 
the Earth, to be an exceeding fluid body, very apt and ready to be 
. mov'd. and to communicate the motion of any one part to any other part, 
though never fo far diftant ; Nor do I much concern my felf,to deter- 
mine what the Figure of the particles of this exceedingly fubtile fluid 
medium muft be f nor whether it have any interfti dated pores or vacui- 
ties, it being fufficient to iolve all the Phenomena to fuppole it an exceed- 
ingly fluid, or the moft fluid body in the world, and as yet impoflibk to 
determine the other difficulties. 

That being fo exceeding fluid a body, it eafily gives paflage to all other 
bodies to move to and fro in it. 

That it neither receives from any of its parts, or from other bodies, 
nor communicates to any of its parts, or to any other body, any impulfe, 
or motion in a direft line, that is not of a determinate quicknefs. And 
that when the motion is of fuch determinate fwiftnefs, it both receives, 
and communicates, or propagates an impulfe or motion to any imaginable 
diftancein ftreight lines, with an unimaginable celerity and vigour. 

That all kind of folid bodies confift of pretty maflie particles in re- 
fpeft of the particles of this fluid medium, which in many places do fo 
touch each other, that none of this fluid medium interpofes much after the 
fame tnannner (to ufe a grofs fimilitude) as a heap of great fcones compafs 
one great congeries or mafs in the midft of the water. 

That all fluid bodies which we may call tangible ,'are nothing but feme 
more fubtile parts of thofe particles, thatferve to conftitureall tangible 

That the water , and inch other fluid bodies , are nothing but a 
congeries of particles agitated or made fluid by it in the ferae manner « 
the particles of Salt are agitated or made fluid by a parcel of water, m 
which they are diffolv’d, andfubfiding to the bottom of it,conftitute a 
fluid body, much more maflie and denfe, and lefs fluid then the pur 

^Thafthe air on the other fide is a certain company of particles of quite 
another kind, that is, fuch as are very much finaller, and more ealiely 
moveable by the motion of this fluid medium $ much h e no e v y _ 
tile parts oiCochenelytnd other very deep tinging bodies,where by 
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n , . n „i nf matter is able to tinge and diffufe it felf over a very great 
imall pal ^ (jiflolvent , or fomewhat after that manner, as 

a. mm Wk * #««* «* » <™ge a 

Quantity of air ; ondy this toft ftnilitude is deficient m one 
very ?ptv ind that is a perpetuity or continuance in that ftate of com- 
proprit > , • ■ ^ r he former does more neerly approach to the 

* 3 * diflolvd by th£ & or 



A^d this Similitude will father hold in thefe proprieties * that as thofe 
dn&ures may be increafed by certain bodies, fo may they be precipitated 
by others* aS 1 lhall afterwards fbew it to be very probable, that the like 

accidents happen even to the Air tt felf. . , _ 

Further, as thefe (olutions and tinctures do *'d ter nature of thefe 
fluid bodies, as to their aptnefs to propagate a motion or impulfe through 
them, even fo does the particles of the Air, Water, and other fluid bo- 
dies, and of Glafs, Cryftal, 6'-c. which are commixt with this bulk of the 
mker, alter the motion of the propagated puife of lights that is, where 
thefe morebulkie particles are more plentifully and confequently a lefler 
quantity of the JEthet between them to be mov’d, there the motion muft 
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cpiyglafl, . 

Now, that other Stones, and thofe which have the clofeftand hardeft 
textures, and feem (as far as we are able to difeoter with our eyes,’ 
though help’d with the befl: Microfcopes') freeft from pqres, are yet not- 
withfianding replenifhd with them, an inltahce or two will, I fuppofe, 
make more probable* 

A very folid and un flaw’d piete of cleer white Marble, if it be well 
polifb’d and glaz’d, hasfo curioully fiiiooth a furface, that the belt and 
molt poliih’d furface of any wrougpt-glafs, feems not to the naked eye, 
nor through a Mcrofcope, to be more fihooth,and left porous: And yet, 
that this hard clofe body is re^fenjfh’d with abundance of pores, | think 
ihefe following Experiments will fufficiently proye. 

The firft is, That if you take inch a piece, and for a pretty While boyl 
fe in Turpentine and Oyl of Turpentine, youfhal! find that the ftone will 
be all imbu’d with it ? aiid whereas before it look’d more White, but more 
opacous, now it will look more greafie, butbemuchmoretranfparent, 
and if you let it lie but a little while, and then break ofia part of it, you 
fhall find the unffuous body to hate penetrated it to fuch a determinate 
depth every way within the furface. This may be yet eafier try’d with a 
piece of the fame Marble, a little warm’ 'din the fire, and then a little. Pitch 
orTarr melted on the top of it for thefe black bodies, by their infinu- 
atipg themfelves into the invjfible pores bf the ftohe, ting it with fb black 
a k'Wjj ^at there can be no further doubt of the truth of this aflertion, 
that it abounds with finall imperceptible pores.- 

Now, that other bodies will alfo fink into the pores of Matble, befides 
un&uom, I have try’d, and found, that a very Blue tincture made in 
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fyirit ofVrine would very readily and eafily (ink into it, as Would alio 
feveral tin&ures drawn with fpirii of Wine. 

Nor is Marble the only feemingly elofe (lone, which by other kinds of 
Experiments may be found porous ; for I have by this kind ofExperi- 
ment on divers other ftones found much the fame effect, and in (brae in- 
deed much more notable. Other ftones I have found fo porous, that with 
the Microfcope I could perceive feveral fraall winding holes, much like 
Worm-holes, as I have noted in fome kind of Vurbeckcfione^y looking on 
thefurfaceof a piece newly flaw’d off; for if otherwife, the frafiace has 
been long expos’d to the Air, or has been feraped with any tool, thofe 
final! caverns are fill’d with duft,and difappear. 

And to confirm this Ccnje&ure, yet further, I fhall here infert an excel- 
lent account, given into the Royal Society by that Eminently Learned Phy- 
fician, Doctor Goddardy of an Experiment, not lefs inftractive?then curi- 
ous and accurate, made by himlelf on a very hard and feemingly elofe 
ftone call’d Ocnhs Mnvdi , as I find it preferv’d in the Records of that 
Honourable Society. 

A fmall ftone of the kind, call’d by fome Authours, 0 cuius 
Munch , being dry and cloudy, weigh’d 5 0 Grains. 

The fame put under water for a night, and fomewhat more, 
became tranfparent , and the fuperficies being wiped dry, 
weighed & -^Grains. 

The difference between thefe two weights, o 0 of a Grain. 

The fame Stone kept out of water one Day and becoming 
cloudy again weighed, 5fg Gr nines. 

Which was more then the firft weight, o0 of a Grain. 

The fame being kept two Days longer weighed, 50 Gr nines. 

Which was lefs then at firft, oa_ of a Grain. 

Being kept dry fomething longer it did not grow fenfibly 
lighter. 

Being put under water for a night and becoming again tranf- 
parent and wiped dry, the weight was, 6 ± Grains, the fame 
with the firft after putting in water, and more then the laft 
weight after keeping of it dry, o0 of a Grain. 

Another Stone of the fame kind being variegated with milky 
white and gray like fome forts of Agates-, while it lay under water, 

was alwaies invtroned with little Bubbles, fuch as appear in 

water 
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water a little before boyling, next the fides of the Veflel. 
There were alto fome the like Bubbles on the Surface of the 
if Mi-ber fome exhalations came out or it. 
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“"There ws Me fenfible difference in the tranfparency of this 
Stone, before the putting under watered after : To be fure the 
milky-A parts continued as before, but more difference, m 
weight then in the former. For whereas before the putting 
into the water the weight was 18^ Gr nines. After it had lyeii 

in about four and twenty hours the weight was 20^ Graines , fo 

the difference was, 1 -^Gr nines. 

The fame Stone was infufed in the water fcalding hot, and fo 
continued for awhile after it was cold, but got no more weight 
then upon infufing in the cold, neither was there any fenfible 
Difference in the weight both times. 



In which Experiment,thcre are three Obfervab]es,that (eem very mani- 
feftly to prove the poroufnefs of thefe feemingly cloie bodies: the firft 
is their acquiring a tranfparency, and lofing rheir whitenefs after fteeping 
in water, which will feem the more ftronglyto argue it, if what I have 
already (aid about the making tranfparent, or clarifying of fome bodies, 
as the white powder of beaten Glafs, and the froth of fome glutinous 
tranfparent liquor be well confider’d ; for thereby iti will (eem rational 
to think that this transparency arifes from the iniinuation of the water 
(which has much the fame refrafKon withluch ftony particles, as may be 
d i (cover d by Sand view’d with a Microjcope)mto thole pores which were 
formerly repleat with air (that has a very differing refraction, and con- 
(equently is very refiedive) which feems to be confirm’d by the fecond 
Obfervable, namely, the ifkrreafe of Weight a ftef fteeping;, add decreafe 
upon drying. And thirdly,feem’d yet more fenfibly confirm’d by the mul- 
titude of bubbles in the laft Experiment. 

We find alfo moft Acid Salts very readily to diftblve and feparate the 
parts of this body one from another 5 which is yet a further Argument to 
confirm the poroufnefs ot bodies, and will ferve as fuch, to (hew that 
even Glafs alfo has an abundance of pores in it,fince there are feveral li- 
quors, that with long ftaying in a Glafs, will fo Corrode and eat into it, as 
at laft, to>akeit pervious to the liquor it contain’d, of which I have 
leen very many Inftances. 

Since therefore we find by other proofs, that many of thofe bodies 
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which we think the mod: folid ones, and appear fo to our fiwKr h* 
withstanding abundance of thofe grofler kind of pores which w'hi °°J' 
mit feveral kinds of liquors into them, why fbould we not believe h 
Glads, and all other tranfparent bodies abound with them fince we h * 
many other arguments, befides the propagation of light/ which feemS 
argue for it? 

And whereas it may be objetted, that the propagation of !feht is no 
argument that there are thofe atomical pores in glafs, fince there are B- 
pothefes plaufibte enough^ to folve thofe Phenomena, by fuppofirw the 
pulfe onely to be communicated through the tranfparent bodv. s 

To this f anfwer, that that Hypothefs which the induftriom 
has publifh’d about the llower motion of the end of a Ray in a denfer 
medium, then in a more rare ahd thin,feems altogether unfufficient to folve 
abundance of Phenomena, of which this is not the leaft confiderable.that 
it is.impoflible from that fuppofition, that any colours Ihould be gene- 
rated from the refraction of the Rays; for fince by that Hypothecs the 
undulating pulfe is always carried perpendicular, or at right angles with 
the Ray or Line of dircttion,k follows, that the ftroke of the pulfe of 
light, after it has been once or twice refratted (through a Prifme,for ex- 
ample) muft affett the eye with the fame kind of ftroke as if it had not 
been refracted at all. Nor will it be enough lor a Defendant of that Hy- 
pothecs , to fay, that perhaps it is becaufe the refrattions have made the 
Rays more weak, for if fo,then two refrattions in the two parallel fides 
of a Quadrangular Prifme would produce colours, but we have no fuch 
Phenomena produc’d. 

There are feveral Arguments that I could bring to evince that there 
are in all tranfparent bodies fuch atomical pores. And that there is fuch 
a fluid body as I am arguing for, which is the medium, or Inftrument, by 
which the pulfe of Light is convey’d from the lucid hccly to the en- 
lightn’d. Eut that it being a digreflion from the Obfervations I was re- 
cording, about the Pores of Kettering Stone , it would be too much fuch, 
if X Ihould protraft it too long ; and therefore I (hall proceed to the 
next Obfervation. 



Obferv. XVI. Of Charcoal, or burnt Vegetables. 

C Harcoahor a Vegetable burnt black,ajflords an objett.no left pleaftnt 
than inftruttive ; for if you take a fmall round Charcoa 5 ,and break 
it lhort with your fingers, you may perceive it to break with a very 
finooth and fleck furface, almoft like the furface of black fealing Wax ; 
this iurface, if it be look’d on with an ordinary Microfcope, doesmanifeft 
abundance of thofe pores which arealfo vifible to the eye in many kinds 
of Wood 7 rang’d round the pith, both a in kind of circular order, and a 
radiant one. Of thefe there are a multitude in the fubftanee of the Coal, 
every where almoft perforating and drilling it from end to end ; By 

means 
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means of which, be the Coal never fo long, you may eafii [y blow, through 
it'; and this you may P refentlyfind,by wetting one end of it with Spittle, 

an But°S not^rfor befides thofe many great and conipicuousirre- 
gular ipots or pores, if a better Murofiope be made ufe of, there will ap- 
pear an infinite company of exceedingly fmall, and very regular pores* 
fo thick and fo orderly fet, and fo .clofe to one another, that they leave 
very little room or fpace between them to be fill d with a folid body, tor 
the apparent <interjlitia, or fcparating fides of thefe pores seem o t in in 
feme places, that the texture of a Honey-comb cannot be more porous. 
Though this be not every where fo, the mtercurrerit partitions m 
feme places being very much thicker in proportion to the holes. 

Moft of thefe fmall pores feem’d to be pretty round, and were rangd 
in rows that radiated from the pith to the bark ; they all of them 
feem’d to be continued open pores, running the whole length of the 
Stick ; and thatthey were all perforated, I try ’d- by breaking off a very 
thin fliver of the Coal croft-ways, and then with my Microfcope, diligent- 
ly furveying them againft the light, for by that means I was able to fee 
quite through them, 

Thefe pores were lb exceeding final 1 and thick,that in a line of them, 
jg part of an Inch long, I found by numbring them no ids then 150. 
fmall pores; and therefore in a line of them an Inch long, muft be no.lefe 
then 2700. pores, and in a circular area of ah Inch diameter, muft be 
about 5725350. of the like pores; fo that a Stick of an Inch Diameter, 
may containe no left then feven hundred and twenty five thonfand, be- 
fides 5 Millions of pores, which would, I doubt not, feem even incredible, 1 
were not every one left to believe his own eyes. Nay, having fince ex- 
amin'd Cocufy black, and green Ebony , Lignum Vitg i &c. I found, that ail 
thefe Woods have their pores, abundantly fmaller then thofe of foft light 
Wood ; in fo much, that thofe of Gnajacum feem’d not above an eighth 
part of the bignefs of the pores of Beech, but then the Interjlitia were 
thicker ; fo prodigioully curious are the contrivances, pipes, or fluees by 
which the Succm nutritiusy or Juyce of a Vegetable is convey’d from 
place to place. 

This Obfervation feetiis to afford us the true reafon of feveral Phe- 
nomena of Coals ; as 

Firft, why they look black ; and for this \ve need go no further then 
the s feme for certainly, a body that has fo many pores in it as this is dif- 
cover d to have, from each of which no light is refletted, muf 
look black, efpecially, when the pores are fomewhat bigge 

elfebut; 



roi 



, muftceceflarily 



v.p.Mu.j., lijv pv/icaaic mmewnat Digger mproporti- 
on to the intervals then they are cut in the Scheme, black brine nothinn 

SS‘<r* , ¥ 0f l#' ** f* ofrefleaio ”5 nod wWovcr 
Iherirh.ft Dg qua lty V s d ? fic :®t, there does that part look blatk, whe- 

Ind luhf ™ T . ’ r °f 1, ,u ‘ 1 “ '.“dnftance.or in a deadning 

Z fUCh 38 1 •^ferv'd in Ac of Lead, Tin, 

Next, we may alfo as plainly fee the reafon of its lining quality, and. 

that 
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that is from the even breaking off of the ftick, the folid interjlit/a 
having a regular termination or fur face, and having a pretty ftrong re- 
tiefting quality, the many fmall reflections become united to the naked 
eye, and make a very pretty fhining furface. 

Thirdly, the reafon of its hardnefs and brittlenefs feems evident, forfince 
all the watery or liquid fubftance that moiftn’d and toughn d thofe Inter ~ 
flHia of the more folid parts, are evaporated and remov’d, that which 
is left hehind becomes of the nature almoft of a ftone, which will not at 
all, or very ltttle,bend without a divulflon or fo Inti on of its continuity. 

It is not my delign at prefect, to examine the ufe and Mechanifme of 
thefe parts of Wood, that being more proper to another Enquiry ; but 
rather to hint, that from this Experiment we may learn, 

Firft, what is thecaufe oftheblacknefs of many burnt bodies, which 
we may find to be nothing elfe but this ; that the heat of the fire agi- 
tating and rarifying the waterifh, tranfparent, and volatile water that is 
Contain’d in them,% the continuation of that adHon,doesfo totally expel 
and drive away all that which before fill'd the pores, and was dilpers’d 
alio through the folid mate of it, and thereby caus d an untverfal kind of 
tranfparency,that it not onely leaves all the pores empty, but all the In- 
terflitia alio fo dry and cpacou. r, and perhaps alfo yet further perforated, 
that that light onely is reflected back which fails upon the very outward 
edges of the pores, all they that enter into the pores of the body, never 
returning, but being loft in it. 

Now, that the Charring or coaling of a body is nothing elfe, may be 
eafily believ’d by one that fhall confider the means of its production, 
which may be done after this, or any fitch manner. The body to be 
charr’d or coal’d, may be put into a Crucible^ Pot,or any other Veflel that 
willendure to be made red-hot in the Fire without breaking, and then 
cover’d over with Sand, fo as no part of it be fuffer’d to be open to the 
Air, then let into a good Fire, and there kept till the Sand has continu d 
red hot for a quarter, half, an hour or two, or more, according to the 
nature and bignefs of the body to be coal d or charr d, then taking it out 
of the Fire,and letting it ftand till it be quite cold, the body may be taken 
out of the Sand well charr’d and cleans’d of its waterifh parts; but in the 
taking of it out, care muft be had that the Sand be veryneer cold, for 
elfe, when it comes into the free air, it will take fire, and readily bum 

This may be done alfo in any clofe Veflel of Glafs,as a KetoH^ot the 
like, and the feveral fluid fubftances that come over may be receiv’d in 
a fit Recipient, which will yet further countenance this Hypothep: And 
their manner of charring Wood in great quantity comes much to the rose 
thing, namely, an application of a great heat to the body, and praervmg 
it from the free accefs ofthe devouring air; this may be eafily learn d 
from the Hiftory of Charring of Coal, moft excellently defenbd and 
publifh’d by that moft accomplifh’d Gentleman, Mr. John Evelm, in the 
ioo, ioi, 103, pages of his Sjilva , to which I fhall therefore refer the cu- 
rious Reader that defires a full information ofit. 
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Next we may learn what part of the Wood it is that is the^^/e 
matter ;’for fince we fhall find that none, or very little of thofe fluid fub- 
ftances that are driven over inro the Receiver are combupbk, an d that 
mofTofthat which is left behind is fo, it follows, that the folid tnterftUia 
of the Wood are the combuftible matter; Further, the reafon whyun- 
charr’d Wood burns with a greater flame then that which is chan d, is as 
evident, becaufe thofe waterifh orvolatil parts ifiumg out of the fired 
Wood, everyway, not onely (hatter and open the body, the better for 
the fire to enter, but ifluing out in vapours or wind, they become like 
fo many little aolipilcs, or Bellows, whereby they blow and agitate the 
fir’d part, arid conduce to the morefpeedy and violent confumptionor 

diflolution of the body. _ 

Thirdly, from the Experiment of charring of Coals (whereby we lee 
that notwithftanding the great heat, and the duration of it, the folid 
parts of the Wood remain,' whil eft they arc preserv'd from the free accefs 
of the air undiflipated) We may learn, that which has not,that I know of; 
been publifh’d or hinted, nay/ not fo much as thought of, by any; and 
that in fhort is this. 

Firft, that the Air in which we live, move, and breath, and which en- 
compafies very many, and cheriflies moft bodies it encompafles, that this 
Air is the menflruum’.or univerfal d idol vent of all Sulphureous bodies. 

Secondly, that this action it performs not, till the body be firft fuffi- 
ciently heated, as we find requifite alfo to the diflolution of many other 
bodies by feveral other menflrmms. 

Thirdly, that this a&ion of diflolution, produces or generates a very 
great heat, and that which we call Fire; and this is common alfo to many 
diflolutions of other bodies, made by menflr /turns. of which I could give 
multitudes of Inftances. 

Fourthly, that this atlion Is perform d with fo great a violence, and 
does fo minutely aCt, and rapidly agitate the fiualleft pans ofthe com- 
bustible matter, that it produces in the diaphanous Medium ofl the Air, the 
action or pulfe of light, which what it is, I have die- where already fhewn. 

Fifthly fhat the diflolution of fulphmeous bodies is mad c by a fiibftance 
inherent, and mixt with the Air, that is like, if not the very lame, with 
that which is fixt in s alt-pet er. t which by multitudes of Experiments tlrat 
may be made with Saltpeter I think,moft evidently be demonftrated. 

Sixthly, that in this diflolution of bodies by the Air, a certain part is 
united and mixt, ordiftolv’d and turn’d into the Air, and made to fly up 
and down with ir in the fame manner as a metalline or other body dil- 
foiv’d into any menfirmims , does follow the motions and progrelles of 
that mtnflmum till it be precipitated. 

Seventhly, That as there is one part that isdiffoluble by the Air, fo are 
there other parts with which the parts ofthe Air mixing and uniting, 
do make a Coagulum or precipitation , as one may call it, which caufos 

fofln f ? ara .r d / i0m the A,r = buf this precipitate is fo light, and in 
fo fmall and ratify d or porous clufters, thatit is very volatil, and is eafily 
carry d up by the motion ofthe Although afterwards, when the heat and 

agitation 
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agitation that kept it rarify’d ceafes.it eafily condenfes,and commixt with 
other indifloluble parts, it flicks and adheres to the next bodies it meets 
withalU and this is a certain Salt that may be extracted out olsoot. 

Eighthly, that many indifloluble parts being very apt and prompt to 
be rarify’d, and fo,whileft they continue in that heat and agitation, are 
lighter then the Ambient Air, arc thereby thruft and carry’d upward? 
with great violence, and by that means carry along with them, not onely 
that saline concrete I mention’d before, but many terreftrial, or indifl 
fcluble and irrarefiable parts, nay, many parts alfo which are difloluble, 
but are notfuffer’d to flay long enough in a fufficient heat to make them 
prompt and apt for thata&ion. And therefore we find in soot, not ooely 
a part, that being continued longer in a competent heat, will be dif 
folv’d by the Air, or take fire and burn y but a part alfo which is fixt, ter- 
reftriaJ,and irrarefiable. 

Ninthly, that as* there are thefc feveral parts that will rarifie and fly, 
or be driven up by the heat, fo are there many others, that as they are 
indifloluble by the aerial menjirmmjo are they of fuch fiuggifh and grofs 
parts, that they are not eafily rarify’d by heat, and therefore cannot be 
rais’d by it ; the volatility or fixtnels of a body feeming to confift only in 
this, that the' one is of a texture, or has component parts that will be 
eafily rarify’d into the form of Air, and the other, that it has fuch as will 
not,without much ado, be brought to fuch a conftitution 5 and this is that 
part which remains behind in a white body call’d Afhes, which contains 
a fubftance,or -Wf, which Chymifts call Alkali: what the particular natures 
of eachofthefe bodies are, I (hall not here examine, intending it in an- 
other place,but fhall rather add that this Hypothecs dqes fo exauly agree 
with ail Phenomena of Fire, and fo genuinely explicate each particular 
circumftance that I have hitherto obferv’d, that it is more then probable, 
that this caufe which I have aflign'd is the true adequate, real, and onely 
caufe of thole Phenomena ; And therefore I fhall proceed a little fur- 
ther, to fhew the nature and ufe of the Air. 

Tenthly, there fore the diflolving parts of the Air are but few, that is, it 
feems of the nature of thofe Saline menjlruutys, or fpivits, that have very 
much flegme mixt with the fpirits, and therefore a fmall parcel of it is 
quickly glutted, and will diflolve no more ; and therefore unlefs feme 
frefh part of this menjlruum be apply'd to the body to be diflolv d, the 
action ccafes, and the body leaves to be diflolv d and to fhine^ which is 
the Indication of it, though plac’d or kept in thegreateft heat* whereas 
Sah-peter is a menjlruum , when melted and red-hot, that abounds more 
with thofe Diflblvent particles, and therefore as a fmall quantity of it 
will diflolve a great fulphureous body, fo will the diflolutfon be veiy 

quick and violent. . , , 

Therefore in the Eleventh place, it is oblervable, that, as in otocr 
folnrions, if a copious and quick fupply of frefh mujlruunt, though but 
weak, be poured on, or applied to the difloluble body, it quickly con- 
fumes it:: So this menjlruum oixht Air, if by Bellows, or any other fuch 
contrivances it be copioufly apply’d to the fhmmg body, 
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diflolve it as loon, and as violently as the more ftrong mttjlrmr , | of 
melted Nitre. 

Therefore twelfthly, it feems reafbnable to think that there is no luch 
thing as an Element of Fire that fhould attract or draw up the flame, or 
towards which the flame fhould endeavour to afeend out of a delire or 
appetite of uniting with that as its Homogen eal primitive and generating 
Element ; but that that fhining tranfient body which we call Flame , is 
nothing elfe but a mixture of' Air, and volntil fulphureous parts ; of diflo- 
luble or combuftible bodies, which are acling upon each other whil’ft 
they afeend, that is, flame feems to be a mixture of Air, and the com- 
bultible volatil parts of any body, which parts the encompafling Air 
does diflolve or work upon, which aftion,a$ it does intend the heat of the 
aerial parts of the diflblvent, lb does it thereby further rarifie thole parts 
that are ailing, or that are very ncer them, whereby they growing much 
lighter then the heavie parts of that Menjlruum that are more remote, are 
thereby protruded and driven upward 5 and this may be eafily obferv’d 
ailb in difiolutions made by any other menjlruum , efpecially fuch as either 
create heat or bubbles. Now, this aftion of the Mcnjluum, or Air^ on the 
difloluble parts, is made with fuch violence, or is fuch, that it imparts 
Inch a motion orpulfe to the diaphanous parts of the Air, as I have elfe- 
where fliewn is requifite to produce light. 

This Hypotheju I have endeavoured toraife from an Infinite of Obfer- 
vations and Experiments, the proceis of which would be much too long 
to be here inferted, and will perhaps another time afford matter copious 
enough for a much larger Difcourfe, the Air being a Subject which 
(though all the world has hitherto liv’d and breath’d in,and been uncon- 
verfant about)has yet been fo little truly examin’d or explain’d, that a di- 
ligent enquirer will be able to find but very little information from what 
has been (till of late) written of it: But being once well underftood it 
will, ! doubt not, mable a man to render an intelligible, nay probable 1 if 
not the true reafon of all the Phenomena of Fire, whi ch, as it has been 
r ‘ u , ky Winters and Philofophers of all Ages a matter of no final! dif- 
c . *y >. a ? b f Efficiently underftood by their ftrange Hypothetic and 

i.;,mtelhgible Solutions of fbme few Phenomena of it ; lb will it prove a 
matter of no fmall concern and ufein humane affairs, as I fhall diewhere 
endeavour to manifeft when I come to fhew the ufe of the Air in refoi- 
ration.and for the prefervation of the life, nay, for the conferva t ion and 
? ^ehedthandm.ural conffidrion of Unkind as wdU s 
Z if - asalfo the ufes of this principle or propriety rf 

the Air chjimtcal mechanical, and other operations. In this phL I 
luivc onely time to hint an %«&/&, which, if God permit me life and 
opportunity, I may elfewhere pro'fecute, improve and uubl fo Tn 

^ and 
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and belt pieces of Lignum foj file he had feen; Having (I fay) t a k en a 
fmall piece of this Wood, and examin’d it, I found it to burn in the open 
Air almoft like other Wood, and infteed of a refinous fmoak or fume 
it yielded a very bituminous one, fmelling much of that kind of fent : But 
that which I chiefly took notice oi\ was, that cutting off a fmall piece of 
it, about the bignefs of my Thumb, and charring it in a Crucible with 
Sand, after the manner I. above prefcrib’d, I found it infinitely to abound 
with the fmaller fort of pores, fo extreme thick, and fo regularly perfo- 
rating the lubftance of it long-ways, that breaking it off a-crofs, I found 
it to look very like an Honey-comb; but as for any ofthefecond,or 
bigger kind of pores, I could not find that it had any ; fo that it feems, 
whatever were the caufe of its production, it was not without thofe 
fmall kind of pores which we have onely hitherto found in V egetable bo- 
dies ; and comparing them with the pores which I have found in the Char- 
coals that I by this means made of feveral other kinds of Wood, I find it 
refemble none fo much as thofe of Firr, to which it is not much unlike in 
grain alfo, and feveral other proprieties. 

And therefore, what ever is by fome, who have written of it, and parti- 
cularly by Francifco Stelluto^ who wrote a Treatife in Italian of that Sub- 
ject, which was Printed at Rome^ 1637* affirm’d that it is a certain kind of 
Clay or Earth, which in trail of time is turn’d into W ood,I rather fufpect 
the quite contrary, that it was at firft certain great Trees of Fir or Pine, 
which by fome Earthquake, or other cafualty, came to be buried under 
the Earth,and was thereafter a long time’s refidence(according to the fe- 
veral natures of the encompaffing adjacent parts)either rotted and turn d 
into a kind of Clay, or petrify d and turn’d into a kind of Stone, or elfe 
had its pores fill’d with certain Mineral juices,which being ftayd In them, 
and in trait of time coagulated, appear d, upon cleaving oivt,like fmall 
Metaline Wires, or elfe from fome flames or fcorching forms that are the 
occafion oftentimes,and ufually accompany Earthquakes, might be blafted 
and turn’d into Coal, or elfe from certain Jubterraneous fires which arc 
affirm’d by that Authour to abound much about thofe parts (namely, in 
a Province of Italy > call’d Vmbria , now the Dutcbie of Spoletto , in the 
Territory of Lodi , anciently call’d TW^and between the two Villages of 
Collefecco and Rofaro not far diftant from the high-way leading to Rome, 
Where it is found in greater quantity then elfewhere)are by reafon of their 
being encompaffed with Earth, and fo kept clofc from the diffolving Air, 
charr’dand converted intoCoal. It would be too long a work to de- 
feribe the feveral kinds of pores which I met withall, and Dy this means 
difeovered in feveral other Vegetable bodies ; nor is it my prefent defign 
to expatiate upon Infiances ot the fame kind, but rathc ^?f‘ v ^ 3 ^ 
cimen of as many kinds as I have had opportunity as yet of obfervmg re 
ferving the profecution and enlarging on particulars till a more ht p 
portunity ; and in profecution of this defign, I lhall here add - 

Obferv, 
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Obferv. X V 1 1 . Of Petrify ’d wood, and other Petrify’d bodies* 

O r this fort of fubftance, I obferv’d fevcral pieces of very differing 
kinds both for their outward fliape, colour* gram, texture , har 
i w hdiMr brown and redilh 5 others gray, like a Hone 5 others 

bkcGnd Flint-likf : feme foftJike a Slate or. Whetftone, others as hard 
black, ana r nnr particular examin d,was a 

Social 

of feme large tree, that by rottennds had been broken ofl from it before 

“ S'Ld’ee^limiat I have yet feeh, feem to have teen rotten Wood 
before the petrifaction was begun * and not long finee, examining an 
viewing a huge great Oa^ that feem’d with meer age to be rotten asjt 
flood, I was very much confirm'd in this opinion * for 1 found, that the 
grain, colour, and fliape of the Wood, was exactly like this petnfy di iib- 
flance ; and with a Mkrofiope , I found, that all thofe Mitrofcoptcal ^ores, 
which in fappy or firm and ibund Wood are fill d with the natural or in- 
nate juices of rhofe Vegetables, in this they were ait empty, like thofe 
of vegetables eharrd? but with this difference, that they feem d much 
larger then I have feen any in Char-coals * nay, even then thofc of Coals 
made of great blocks of Timber, which are commonly call’d Old-coals . 

Thereafon of which difference may probably be, that the charring of 
Vegetables, being an operation quickly perform’d, and whileft the Wood 
is lappy, the more folid parts may more eafily. flirink together, and con- 
tract the pores or iuterfiitia between them, then in the rotten Wood, 
where that natural juice feems onely to be wafti’d away by adventitious 
or unnatural moifture* and lb though the natural juice be wafted from 
between the firm parts, yet thofe parts are kept afunderby the adventi- 
tious moyflures, and fo by degrees fettled in thofe poftures. 

And this I likewife found in the petrify d Wood, that the pores were 
fomewat bigger then thofe of Charcoal , each pore being neer upon half 
as bigg again, but they did not bear that dilproportiori which is expreft 
in the tenth Scheme , between the fraall fpecks or pores in the firft Fi- 
gure (which reprefenteth the pores of Coal or Wood charr’d)and the 
black ipots of the fecond Figure (which reprefent the like Microjcopical 
pores in the petrify 1 d Wood) for thefe laft were drawn by a Microjcope that 
magnify ’d the objeCf above fix times more in Diameter then the Micro - 
fiope by which thofe pores of Coal were obferv'd. 

Now, though they were a little bigger, yet did they keep the exaCt 
figure and order of the pofes of Coals and of rotten Wood, which Iafi: 
alio were much of the. fame cize. ■ 

The other Obfervations on this petrify d fubftance, that ai while firtce, 
by the appointment of the' Royal Society , I made* and prefented to them 
an account of, were thefe that follow, which had the honour done them 

Q_a by 
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by the moft accomplifh’d Mr. Evelin , my highly honour’d friend to be 
inferred and publifhed among thofe excellent Obfervations wherewith 

his Sylva is replenifb’d, and would therefore have been here omitted had 
not the Figure of them, as they appear’d through the MpcrofioH been 
before that engraven. 

This Petrify* d fubftance refembled Wood, in that 

Firft, all the parts of it feem’d not at all dijlocated , or alter’d from 
their natural Pofition, whit’ft they were Wood, but the whole piece re- 
tain'd the exa&fhape of Wood, having many of the confoicuous pores 
of wood {till remaining pores, and foewing a manifeft difference vifible 
enough between the grain of the Wood and that of the bark, elpecially 
when any fide of it was cut fmoothand polite $ for then it appear’d to 
have a very lovely grain, like that of fome curious clofe Wood. 

Next (it refembled Wood) in that all the (mailer and (if I may fo call 
thofe which are onely vifible with a good magnifying Glafs) Microfiopi - 
cal pores of it appear (both when the fubftance is cut and polifh’d tranf 
verjly and parallel to the pores of it) perfectly like the Mi crofcopica /pores 
of feveral kinds of Wood, elpecially like and equal to thole of feveral 
forts of rotten Wood which I have fince obferv’d, retaining both the 
ftape,pofition and magnitude of liich pores. It was differing from Wood : 

Firft, in weight, being to common water as 35 to 1 . whereas there are 
few of our Englijk Woods, that when very dry are found to. be full ai 
heavieas water. 

Secondly, in hardnef, being very neer as hard as a Flint ; and in fome 
places of it alfo refembling the grain of a Flint: and, like it, it would 
very readily cut Glafs, and would not without difficulty, elpecially in 
fome parts of it, be fcratch’d by a black hard Flint : It would alio as rea-* 
dily ftrike fire againft a Steel, or againft a Flint, as any common Flint. 

Thirdly, in the clofenefi of it, for though all the Microfcopioal pores of 
this petrify d fobftance were very confpicuous in one pofition ,yet by al- 
tering that pofition of the polifo’d lurface to the light, it was allb mani- 
feft, that thofe pores appear’d darker then the reft of the body, onely 
bccaufe they were fill’d up with a more dufkie fobftance, Mid notbe- 
caufe they were hollow. 

Fourthly, in its incombufiibknef, in that it would not burn in the fire ; 
nay, though I kept it a good while red-hot in the flame of a Lamp, made 
very intenfe by the blaft of a fmall Pipe, and a large Charcoal, yet it 
feem’d not at all to have diminifh’d its extenfinrr ; but only I found it to 
have chang’d its colour, and to appear of a more dark and dufkie brown 
colour ; nor could I perceive that thofe parts which feem’d to have been 
Wood at firft, were any thing wafted, but the parts appear’d as folid and 
clofe as before. It was further obfervable alfo, that as it did not confome 
like; Wood, fb neither did it crack and flie like a Flint, or foch like hard 

Stone, nor was it long before it appear’d red-hot. . 

Fifthly, in mdifehtblenefi? for putting fome drops of Vinegar 

upon the Stone, I found it presently to yield very many Bubbles, juft like 
thofe Which may be obferv’d in fpirit of Vinegar when it corrodes«™fo 
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W that into . 

fine p°wd??. , ^ differing from Wood to the touch, feel- 

to wldtolly doe,, and much like oto elofe ftonea 

The Reafons of all which Phanomend feem to, b,e, . 

That this petrify d Wood having lain in fome place where it was well 
foak’d with petrifying water (that is, foch a water as is vvellmpregmted 
with ftony and earthy particles) did by degrees feparate, either by drain 



with ftony aim wuuy puiuviv V — ^ t-jf ^ f , 

me and filtration, or perhaps, by precipitation, cokefton or coagulation, abun- 
dance of ftony particles from the permeating water, whichftony par- 
ticleShbeing bv means of the ttuid vehicle convey d a not onely in toi the mi-? 
crofcopical pores, and fo perfeftly ftoping them up, but alfo into the pores 
or' interpti?, which may, perhaps, be even in the texture or Schematism 
of that part of the Wood, which, through the Microfcope, appears moft lo- 
lid, do thereby fo augment the weight of the Wood, as to make it above 
three times heavier then water, and perhapSj fix times as heavie as it was 

when Wood. _ , t5tr _. . 

Next, they thereby fo lock up and fetter the parts of the Wood, that 
the fire cannot eafily make them flie away ; but the afdon of the fire upon 
them is onely able to char thofe parts, as it were, like a piece of Wood,if 
it be clos’d very fa ft up in Clay, and kept a good while red-hot in the fire, 
will by the heat of the fire be chart’d and not confum’d, which may, per- 
haps, alfo he fomewhat of the caufe, why the petrify* d fobftance appear’d 
of a dark brown colour after it had been burnt. 

By this intrttjton of the petrifying particles, this fubftance alfo becomes 
hard and friable ; for the fmaller pores of the Wood being perfectly 
wedg’d, and ftuft up with thofe ftony particles, the final 1 parts qf the 
Wood have no places or pores into which they may Aide upon bending, 
and confequently little or no flexion or yielding at all can be caus’d in' 
foch a fobftance. 

The remaining particles likewife of the Wood among the ftony par- 
ticles, may keep them from cracking apd flying when put into the fire, 
as tfiey are very apt to do in a Flint; 

Nor is Wood the onely fubftance that may by this kind o itranfmuta- 
tioa be chang’d into ftorie ; for I my felf have feen and examin’d very 1 
many kinds of fobftadees, and among very credible Authours, we may 
meet with Hiftories of foch Metamrphojes Wrought almoft oft all kind 
of fubftances, both Vegetable and Animal, which Hiftories, it is not rpy 
bufipefs at prefent, either to relate, or epiiomife, but only to fet down 
feme Obfervation I lately made o$ feveral kind pf petrify 4 Shels, found 
about Kdujham, which lies within four or five miles of Briftol, which are 
commonly call’d Setpeniinc-fomsi Exaitii- 
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Examining feveral of thcfe very curioufly figur’d bodies (which are 
Commonly thought to be Stones form’d by feme extraordinary Flaflick 
virtue latent in the Earth itfelf) l took notice of thefe particulars : ^ 

Firft, that thefe figured bodies, or fronts, were of very differing fob- 
ftances, as to hardnefs : fome of Clay, fome Marie, feme foft Stone, al- 
moft of the hardnefs of thofe foft ftones which Mafons call Fire-ftone 
others as hard as Portland ftone, others as hard as Marble, and fome as 
hard a a Flint or Cryftal. 

Next, they were of very differing fubftances as to tranfparency and 
colour; fome white, fome almoft black, fome brown, fome Metalline, or 
like Marchafites ; fome tranfparent like white Marble, others like flaw’d 
CryftaU’ome gray, fome of divers colours f fome radiated like thefe long 
petrify cl drops , which are commonly found at the Peak^, and in other 
fibterraneous caverns , which have a kind of pith in the middle. 

Thirdly, that they were very different as to the manner of their out- 
ward figuration ; for fome of them feem’d to have been the fubftance 
that had fill’d the Shell of fome kind of Shel-fifh ; others, to have been 
the fubftance that had contain'd or enwrapp’d one of thefe Shel$,on both 
which, the perfect impreflion either of the infide or outfide of ftich Shells 
feem’d to be left, but for the moft part, thofe impreflions feem’d to be 
made by an imperfect or broken Shell, the great end or mouth of the 
Shell being always wanting, and oftentimes the little end, and fometimes 
half, and in fome there were impreflions, juft as if there had been holes 
broken in the figurating. imprinting or moulding Shell 5 fome of them 
feem dto be made by fuch a Shell very much brufed or flaw’d, infomuch 
that one would verily have thought that very figur’d ftone had been 
broken or brufed whilft agelly, as ’twere, and fo hardned, but within 
in the grain of the ftone, there appear’d not the leaft fign of any fuch 
brufe or breaking, but onely on the very uttermoft fuperficies. 

Fourthly, they were very different, as to their outward covering, fome 
having the perfect Shell, both in figure, colour, and fubftance, flicking 
on upon its furface, and adhering to it, but might very eafily be fepa- 
rated from it, and like other common Cockle or Scolop-foels, which fome of 
them moft accurately refembled,were very diffcluble in common Vinegar, 
others of them,efpecialiy thofe Serpentine, or Helical fonts were cover'd 
or retained the fhining or Pearl-colour’d fubftance of the infide of a Shel, 
which fubftance, on fome parts of them, was exceeding thin, and might 
very eafily be rubbed off; on other parts it was pretty thick, and re- 
tained a white coat, or flaky fubftance on the top, juft like the outfides 
of fuch Shells; fome of them had very large pieces of the Shell very 
plainly flicking on to them, which were eafily to be broken or flaked off 
by degrees : they likewife, fome of them retain’d all along thjfurface of 
them very pretty kindest futures, fuch as areobferv’d in the fkulls of fe- 
veral kinds of living creatures, which futures were tnoft curioufly flap d 
in the manner of leaves, and every one of them in the fame Shell, exactly 
one like another, which I was able to discover plainly enough with mv 
naked eye, but more perfe&ly and diftinftly with my Microfcope^m 
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hr-Unk fome of thefe ftones,I found to be the termini; 
of certain lapkragms.ov partitions, which feem’d to divide 
°u r ^rt of the Shell into a multitude of very proportionate and regu- 
the cavity . thefe Diaphragms, in many of them, I found very per 

dcompleat’ofavery diftind fubftance from that which fill d the 
fed and compicat, l 1* j eW whfoh onvered the out-. 



irief and exadlyof the fame kind with that which covered the ■out- 
gone for the moft part whitifo, or mother-of-pearl colour d. 
fid As b for g the cavities between thofe Diaphragms, I found fome of them 
fiird with Marie, and others with feveral kinds ol ftones, others, fonfim 
ft'!*!* hollow onely the whole cavity was ufually covered over 
wkh a kind of larUreJ tariff d fubftance, which thick about the 
and was there foot into very curious regular E rentes, juft as Tdtr^r, or 
other diflolv’d Salts are obferv’d to ftick and eryfalln se about thedldesof 
the containing VeffeJs; or like thofe little Dumanis whichlbcforeob, 
ferved to have covered the vaulted cavity of a E lint ; others had thefe 
cavities all lin’d with a kind of metalline or marchafte-hke fubftance, 
which with a Microjcope I could as plainly fee moft curioufly and regu >1 
larly figured, as I had done thofe fo a Flint. . . 

From all which, and feveral other particulars which I oblerv d, I can- 
not but think, that all thefe, and moft other kinds ot ftony bodies which 
are found thus ftrangely figured, do owe their formation and figuration, 
not to any kind of pUficf virtue inherent in the earth, but to the Shells 
of certain Shel-fifoes, which, either by fome Deluge, Inundation, Earth* 
quake, or fome fuch other means, came to be thrown to that place, and 
thereto be fill’d with fome kind of Mudd or Clay, or petrifying Water, 
or fome other fubftance, which in traft of rime has been fettled toge- 
ther and hardned in thofe fhelly moulds into thofe fhaped fubftances we 
now find them ; that the great and thin end of thefe Shells by that Earth* 
quake, or what ever other extraordinay caufeit was that brought them 
thither; wasbroken off; and that many others were dtherwife broken, 
bruifed and disfigured ; that thefe Shells which are thus fir allied andfe- 
p.irated with Diaphragmes,\vei:€: fome kind of Nautili or Porcclane jhells $ 
and that others were fhells of Cockles,Mufiles ,Periwindes , Scolaps, See. of 
various forts ; that thefe Shells in many, from the particular nature of the 
containing or enclos’d Earth, or fome other caufe, have in traft of time 
rotted and mouldred away, and onely left their impreflions, both on the 
containing and contained fubftances; and fo left them pretty lopfeone 
within another, fothat they may be eafily feparated. by a .knock or two 
of a Hammer. That others of thefe Shells, according tothe nature 
of the fubftances adjacent to them, have, by a long continuance in 
that pofture, been petrify d and turn’d into the nature of ftone; juft as l 
even now obferv’d feveral forts of Wood to be. That oftentimes the Shell 
may be found with one kind of fubftance within, and quite another 
without, having, perhaps, been fill’d in one place, and afterwards tranfla- 
ted to another, which I have very frequently obferv’d in Cockle, Mufle , 
Perivcincle, and other foells, which I have found by the Sea fide. Nay; 
further, that fome parts of the fame Shell may be fill’d in one place, and 
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fome other caverns in another, and others in a third c , ..l 
place, for fo many differing fubftances have r found in &wth ’ ora fifth 
mm Shells, andi perhaps all thefe differing fiom the encomrnff*^^ 
orftone: the means how all which varieties may be caSq&^S 
not be difficult to conceive, to any one that has taken no^ofef 
Shells, which are common y found on the Sea fhore ; And hethllu 
throughly examine feveral kinds of fuch curiou[]y form’d hJ S 
am very apt to think) find reafon to fuppofe TF* (I 

tion to be afcribable to fome fuch aeddents as I have mentWd Td 
not to any fkfiick. virtue : For it feems to me quite contrary tn th " d 
finite prudence of Nature, which is obfervable in all its worL and Jn' 
duftions, to defign every thing to a determinate end, and for the 
mg of that end, makes ufe of fitch ways as are (as fair as the knowleda* 

Lr3rfot yet b ^ n a c ble to , r f ch ) aI to gether confonant, and moft 
agreeable to mans reafon, and of no way or means that docs contradict 

or is contrary to humane Ratiocination ; whence it has a long time been 
a general obfervation and maxmse, that Nature does nothing in vain ■ b 
con * rar yto that great Wifdom of Nature, that thefe prettily 
gap d bodies fhould have all thofe curious Figures and connivances 
(which many of them are adorn’d and contriv’d with) senerated nr 
wrought by a ?{ a P c i virtue, for no higher end [then onely to exhibite 
“c/S W fi" h fhtoughlyeonfiderall the ctrcumftances 

W K T FlgU fc b ° dlCSi Wlll > Ithinfc > have great reafon to be- 
ar 9 , , S ' * coc h e ^ one cannot prefently be able to find out what 

le&fon ?r i?l- r 5 Jc WC ^J tkcrefore very defirable, that a good col- 
left on of fuch kind of figurd (tones were collected 5 and as many par- 
ticulars, circumftances, and informations colledced with them as could be 
obtained, that from fuch a Hiftory of Obiervations well ranffd, ex- 
amind and digefted, the true original or production of all thofe kinds 
oi hones might be perfectly and furely known * fuch as are Thunder- 
Jtoms, Laptdes Stettares, Lapides Judaici, and multitudes of other, where- 
ot mention is made in Aldrmandm Wormim and other Writers of 
Minerals. 



Obicrv. XVII]. Of the Schematifme or Texture of Cork, and 
of the Cells and Fores cf fome other fuch frothy Bodies. 

I Took a good clear piece of Cork, and with a Pen-knife fharpen’d as 
keen as a Razor* I cut a piece of it off* and thereby left the furface of 
it exceeding finooth, then examining it very diligently with a Micro- 
fiope, me thought I could perceive it to appear a little porous 5 but I 
could not fo plainly diftinguifli them, as to be fine that they were pores, 
much lefs what Figure they were of: But judging from the lightnds and 
yielding quality of the Cork, that certainly the texture could not be (b 

curious. 
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curious, but that poflibly, if I could ufe fome further diligence, 1 might 
find it to be difeernable with a Microfcope , 1 with the fame [harp Pen- 
knife, cut off from the former fmooth furface an exceeding thin piece of 
it, and placing it on a black object Plate, bee a ufe it was it felf a white 
body, and carting the light on it with a deep plano-convex Glafs , I could 
exceeding plainly perceive it to be all perforated and porous, much like 
a Honey-comb, but that the pores of it were not regular * yet it was not 
unlike a Honey-comb in thefe particulars* 

Firft, in that it had a very litrlc folid fobrtance, in edmparifon of the 
empty cavity that was contain’d between, as does more manifeftly appear 
by the Figure A and B of the X I. Scheme, for the Interjlitia , or walls 
(as I may fo calf them) or partitions of thole pores were neer as thin in 
proportion to their pores, as thofe thin films of Wax in a Honey-comb 
(which enclofe and conftitute the fix angular cells) are to theirs. 

Next, in that thefe pores, or cells, were not very deep, but confirted 
of a great many little Boxes, fe pa rated out of one continued long pore, 
by certain Diaphragms, as is viliblc fey the Figure B, which reprefents a 
fight of thole pores fplit the long- ways. 

I no fooner dltcern’d thefe (which were indeed the firft nricrofcopical 
pores I ever few, and perhaps, that were ever feen, for I had not met with 
any Writer or Perfon, that had made any mention of them before this) 
but me thought I had with the difeovery of them, prefently hinted to me 
the true and intelligible reafon of all the Phenomena of Cork j ' As, 

Firft, if I enquir'd why it was fo exceeding light a body } my Micro- 
fcope could prefently inform me that here was the fame reafon evident that 
there is found for the light nefi of froth, an empty Honey-comb, Wool, 
aSpunge,a Pumice-ftone, or the like ; namely, a very fmall quantity of a 
(olid body, extended into exceeding large dimensions* 

Next, it fcem’d nothing more difficult to give an intelligible reafom 
why Cork is a body fo very unapt to fuck and drink in Water, and con- 
fequcntly preferves it felf, floating on the top of Water, though left oh it 
never fo long : and why it is able to ftop and hold air in a Bottle,though 
it be there very much condens’d and confequently preftes very ftrond y 
to get a paflage out, without fuffering theleaft bubble to pafs through 
its fubftance. For, as to the firft, fince our Microfcope informs us that the 
lubftance of Cork ts altogether fill’d with Air, and that that Air is per- 
fectly enclofed in little Boxes or Cells diftimft from one another It feems 
Vel 7 » wh y neit !jer the Water, nor any other Air can cafily infinu- 
ate it felf into them, fince there is already within them an intm exiflens 

JL ™”5T ent y ' r vb 7 r t{ ? e piece , s of Cork bec °mc fo good floats for 
Nets, and floppies for V iols, or other clofe Veflels. 

lin™ hird u 5 if WC Cn< ? U i re wh ? Cork lias k 'ch a fprlnginefs and fwel- 

^r ew i OT co mp re« ! d>a , 1 dhowi t comenoffe1bp^^ 

preffion or feemmg penetration ofdimenfions, fo as to be made 1 fob- 
face .^heavie again more, bulk for bulk, . s it was befo" comprf 

Boland, et foffor'd to return is found to extend it felf aelfo?„Tthu 
* f ' ICe ' “ r Mcr &t* Wll) «% inform us, that the whole mals 

^ confifts 
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confifts of an infinite company of final I Boxes or Bladders of Air. whicji 
is a fubftance of a fpringy nature, and that will fuffcr a confiderable con' 
denfation (as I have feveral times found by divers trials, by which I have 
moft evidently condens’d it into lefs then a twentieth part of its ufual di- 
menfions neer the Earth, and that with no other ftrength then that of my 
hands without any kind of forcing Engine/uch as Racks, Leavers, Wheels 
Pullies, or the like, but this onely by and by) and betides, it feems very 
probable that thofe very films or fides of the pores, have in them a fpring- 
. ing quality, as almoft all other kind of Vegetable fubftances have fo as 
to help to reftore themfelves to their former pofitlon. 

And could we fo eafily and certainly difeover the Schematifine and 
'Texture even of thefe films, and of feveral other bodies, as we can thefe of 
Cork j there feems no probable reafbn to the contrary, but that we might 
as readily render the true reafon of all their Th£vomena^ as namely, what 
were thecaufe of the fpringinefs, and toughnefi offome, both as to their 
flexibility and reftitution. What, of the friability[or brittlenefs of fome 
others, and the like; but till fitch time as our Mkrofcope^ or fome other 
means enable us to difeover the true Schemaijfmttnd Texture of all kinds 
of bodies, we mu ft grope, as it were, in the dark, and onely ghefsatthe 
true reafons of things by fimilitudes and companions. 

But, to return to our Obfervation. I told feveral lines of thefe 
pores, and found that there were ufually about threescore of thefe fmall 
Cells placed end-ways in the eighteenth part of an Inch in length, whence 
I concluded there muftbe neer eleven hundred of them, or fcmewhat 
more then a thoufand in the length of an Inch, and therefore in a fquare 
Inch above a Million, or 1 166400. and in a Cubick Inch, above twelve 
hundred Millions, or 12 59712000. a thing almoft incredible, did not our 
Microfcope afliire us of it by ocular demonftration 5 nay, did it not di feo- 
ver to us the pores of a body, which were they diaphragm d>l ike thofe of 
Cork, would afford us in one Cubick Inch, more then ten times as many 
little Cells, as is evident in feveral chart’d Vegetables, fo prodigioufly 
curious are the works of Nature, that even thefe confpicuous pores of 
bodies, which feem to be the channels or pipes through which the Swats 
nutritius^ or natural juices of Vegetables are convey’d, and feem to cor- 
refpond to the veins, arteries and other Veflels in fenfible creatures, that 
thefe pores I fey, which feem to be the V effels of nutrition to the vafteft 
body in the World, are yet fo exceeding fmall, that the Atoms which Epi- 
cawjfcrfancy'd would go neer to prove too bigg to enter them, much more 
to conftkute a fluid body in them. And how infinitely fmaller then muff be 
the Veflels of a Mite, or the pores of one of thofe little Vegetables I have 
difeovered to grow on' theback-fide of a Rofe-leafi and fhall anon more 
fully deferibe, whole bulk is many millions' of times lefs then, the bulk, of 
the fmall fhrub it grows on 5 and even that fhrub, many millions of times 
lefs in bulk then feveral trees (that have heretofore grown in England, 
and are this day fkmrifhing in other hotter Climates, as we are very cre- 
dibly inform’d) if at Ieaft the pores of this final* Vegetable fhould keep 
any fiteh proportion to the body of it , as we have found thefe P or ^ 
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of other Vegetables to do to their bulk. But of thefe poreS 1 have Hud 
J f here 

ra °Xo proceed then, Cork jeans to be By the trahfverfe constitution of 
the pores, a kind of Fungus orMufbrome, for the pores he like io many 
Rays tending from the center, or pith of the tree, outwards Ho that it 
you cutoff a piece from a board of Cork tranfverlly, to the Hat of itj 
you will, as it were, fjplit the pores, and they will appear juft, as they are 
exprefsd in the Figure B of the XI. Scheme. But if you (have oft a 
very thin piece from this board, parallel to the plain of it, you will cut 
all the pores tranfverlly, and they will appear almoft as they are express'd 
in the Figure A, Hive onely the folid Interftitia will not appear fo thick 
as they are there reprefented. 

So that Cork feemstoliick its nourifhment from the fubjaceht bark of 
the Tree immediately^ and to be a kind of excrefcence, or a fubftance 
diftinft from the fubfhmces of the entire Tree, Ibmething analogies to 
the Mulhrbme, or Mols on other Trees, or to the hairs on Animals; And 
having enquir’d into the Hiftory of Cork, I find it reckoned as an 
excreicency of the bark of a certain Tree, which 3 s diftinfi from the two 
barks that lie within it, which are common alfo to other trees 5 That tis 
fome time before the Cork that covers the young and tender fprouts 
comes to be difcernablej That it cracks, Ha ws ; and cleaves into many great 
chaps, the bark underneath remaining entire 5 That it may befeparated 
and remov d from the Tree, and yet the two under-barks (filch as arc 
alfo common to that with other Trees) not at all injur’d, but rather 
helped and freed from an external injury. Thus Jonftonus in Dendrologia , 
fpeaking de Subere , fays, Arbor eft procera, Lignum eft robttftim, dempto 
cortice in aqtm non flmtat s Cart ice in orbem detraBo jnvatvr^ crqfcefcens 
enmprteftrixgit & ftrangnlat , intra trienninm itemm repktnr : Caudexvbi 
adolefdt traffics, cortex fuperior denjus carnoJks,dnos digitos craftns^ftaber, 
rmofts , 6~ qui nift detrahatur dehifeit , alioqne jkbnaftente expeditur, inte- 
rior qui fabeft neveUut Ha rubet nt arbor minio pika vide at nr. Which 
Hiftpnesji f well confider d, and the tree, fubftance, and manner of grow- 
ing, if well examin’d, would, T am very apt to believe, much confirm this 
my conjecture about the origination of Cork. 

Nor » this kind of Texture peculiar to Cork onely 5 for upon exami- 
nation with my Mcrefcope, I have found that the pith of an Elder, oral- 
moft any other Tree, the inner pulp or pith of the Cany hollow ftalksof 
jevera other Vegetab est as of Fennel, Carrets, Daucus, Bur-doX 

I?/ e Vr earn, /? me klnds ofRecds 3 have much fuch a kind of 
the 38 1 lately ^ ewn that of Cork > feve onely that here 

_e pores are rang d the long-ways, or the fame ways with the length of 
theCane, whereas in Cork they are tranfverfe. * g 

the ^ k leather that is above 

ever I fet this ]iJt fkll * kmd of textur ^ &ve onely that which Way fo- 
that T * jubftance 5 the pores feemd to be cut tranfverfJv fo 

g P es leparated With Diaphragms, as Cork does, but to be a kind 
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of other Vegetables to do to theii' bulk. But of these pores I have fair! 

more elfe where. , , ' _ r . ■ /• 

To proceed then, Cork Teems to be by the tranfverfe constitution ot 

the pores, a kind of Fungut orMuforomc, for the pores lie like Jo many 
Rays tending from the center, or pith of the tree, outwards 5 jo that it 
you cutoff a piece from a board of Cork truniverily , to the nat of ifj 
you will, as it were, fplit the pores, and they will appear juft as they are 
exprefs d in the Figure B of the XI. Scheme. But if you (have off a 
very thin piece from this board, parallel to the plain of it, you will cut 
all the pores tranfverlly, and they will appear almoft as they are express'd 
j n the Figure A, lave onely the folid Interjlitia will not appear fo thick 
as they are there reprefented. 

So that Cork feems to fuck its nourifiiment from the fubjacent bark of 
the Tree immediately, and to be a kind of excrelcence, or a fubftance 
difrinft from the fubftanecs of the entire Tree, fomethibg analogus to 
the MulhrOiue, or Mofs on other Trees, or to the hairs on Animals. And 
having enquir'd into the Hiftory of Cork, I find it reckoned as an 
excrefcency of the bark of a certain T ree, which is d iftinft from the two 
barks that lie within it, which are common nlfo toother trees; That tis 
fome time before the Cork that covers the young and tender Iprouts 
comes to be dilcernable; That it cracks, 6a ws.and cledves into many great 
chaps, the bark underneath remaining entire; That it may befeparated 
and remov’d from the Tree, and yet the two under-barks (Yhch as arc 
alio common to that with other Trees) nor at all injur’d, but rather 
helped and freed from an external injury. Thus Jonjionus in Dendrologia , 
fpeaking de Subere , fays, Arbor eji procera , Lignum eji robnjium, dempto 
cortice in aquit non fluitat , Cortice in or bent detract 0 juvatur, crajcefcens 
enimprajiringit &Jirangulat, infra triennium iterum repletiir : Caudexubi 
adolefcit erajjks , cortex fuperior denfus carnojus^duos digitos crajjits^fcaber^ 
rimofits , & qui ttijt detrahatur dehifeit , alioque jubnafeente expe/Zitnr , inte- 
rior qui fibejl novellus if a rnbet at arbor minio pitta, vidcatur . Which 
Hiftories,ifwell confider’d, and the tree, fubftance, and manner of grow- 
wg, if well examin’d, would, lam very apt to believe, much confirm this 
my con jecture about the origination of Cork. 

Nor is this kind of Texture peculiar to Cork onely; for upon exami- 
nation with my Microfcope , I have found that the pith of an Elder, or al- 
moft any other Tree, the inner pulp or pith of the Cany hollow ftalksof 
feveral other Vegetables: as of Fennel, Carters, Daueus, Bur-docks, 
eafels, Fearn, ferae kinds of Reeds, &c. have much fuch a kind of 
Schematise , as I have lately Ihewn that of Cork, fave onely that here 

the CW .T rang - d ^ e 1 j m f' wa ys» or the fame ways with the length of 
the Cane, whereas in Cor k they are tra nfverfe. 6 

the oL? l r l] u the H lk ofa Feather that is above 

evfeJfcuhS. h d km i ofte ’‘ tu "> Cl ''' 0 ™ 1 y'l>atwhlcfh Way fo- 
fh „. j 5 7 i- g • | ub ^nce,: the pores feem’d to be cut tranfverflv- fo 

r. 1 th ‘ s P ,th which fills the Feather, not to eonfift ofabun lance 
of long pores feparated with Diaphragms, as Cork does, buttobeakS 
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of folldov hardned fro.h.or a of very fcallbubblcscofiMch,,,) 

W that *™> ,nto a £* *7 5.‘J as ® el j as t0 §> ™n«ete tlI1 d that each Q, 

vent. Bubble, or Cell, is difhndlyfeparate font any of the reft, witlioSt 

my kind of hole in the encompdling films, fo that I could no more blow 
through a piece of this kinde of fubftance,then I could through a niece of 
Cork, or the found pith of an Elder. & P ot 

But though I could not with my Mkrojcopt, nor with my breath nor 
any other way I have yet try d, difeover a paflage out of one of thofe 
cavities into another, yet I cannot thence conclude, that therefore there 
are none fuch, by which the Succm mtritius'ox appropriate juices of Ve- 
getables, may pafs through them; for, in feveral of thofe Vegetables' 
whil’ft green, I have with my Microfiope, plainly enough difeover’d thefe 
Cells or Poles fill'd with juices, and by degrees fweating them out : as f 
have alio obferved in green Wood all thofe long Mcrofc6pk.il pores 
which appear in Charcoal perfectly empty of any thing but Air. 

Now, though I have with great diligence endeavoured to find whe- 
ther there be any Such thing in thofe Microfcopical pores of Wood or 
Piths, as the Valves in the heart, veins, and other paflages of Animals, that 
open and give paflage to the contain’d fluid juices one way, and fhut 
thenfleJves,and Impede the paflage of fuch liquors back again, yet have I 
pot hitherto been able to fay any thing pofitivein it; though, me thinks, 
it feems very probable, that Nature has in thefe paflages,as well as in thofe 
of Animal bodies, very many appropriated Inftruments and contrivances, 
whereby to bring her defigns and end to pals, which 'tis not improbable, 
but that feme diligent Obferver, if help’d with better Microfcopes. mav 
in time dete^ 

And that this may be fo, feems with great probability to be argued 
from the ftrange Phenomena of fenfitive Plants, wherein Nature feems 
to perform feveral Animal actions with the fame Schematism or Orginiza- 
tion that is common to all Vegetables, as may appear by fomc no Ids 
inftrudive then curious Obfervutions that were made by divers Emi- 
nent Members of the Royal Society on feme of thefe kind of Plants, where- 
of an account was delivered in to them by the moft Ingenious and Excel- 
lent Phyfician, Dodfor Clarl^. which, having that liberty granted me by 
that moft Illuftrious Society, I have hereunto adjoyn’d. 

Obfervations on the Humble and Senfible Plants in M f Chiffins 
Garden in Saint James’s Park, made Auguft the 1661. 
Prefent , the Lord Brouncker , Sr. Robert Moray, Dr. Wilkins, 
Mr. Evelin , Dr. Henfbaw , and Dr. Clark. 

There are four Plants, two of which are little fhrub Plants, 
with a little fhort ftock, about an Inch above the ground, from 
whence are fpread feveral fticky branches, round, ftreight, and 

fmooth. 
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fmooth in the diftances between the Sprouts, but juft tinder me 
Sprouts there are two (harp thorny prickles, broad mwel^ 
ti L on, as in the Bramble, one juft under the Sprout, the othei 

on che oppofitefide of the branch. _ ■ ' 

The diftances betwixt the Sprouts are ulually fomening 

more then an Inch, and many upon a Branch, according to its «* - 

length, and they grew fo, that it the lower Sprout be oft the left 
fide of the Branch, the next above is on the tight, and foto the 

end, not fprouting by pairs. • , . 

At the end of each Sprout are generally four fprtgs, two at 
the Extremity, and one on each fide, juft under it. At thehrft 
fprouting of thefe from the Branch to die Sprig where the leaves 
grow, they are full of little fhort white hairs, which wear off* as 
the leaves grow, and then they are fmooth as the Branch. 

Upon each of thefe Ip rigs, are, tor the moft part, eleven pail 
of leaves, neatly let into the uppermoft pait of the little tpiig, 
exaftly one againft another, as it were in little articu lat hns, 1 u ch 
as Anatomifts call Enarthrofts , where the round head of a Bone 
is received into another fitted for its motion ; and Handing very 
fitly to fhut themlelves and touch, the pairs juft above them 
clofing fomewhat upon them, as in the fhut fprig ; fo is the 
little round Pedunculus of this leaf fitted into a little cavity of 
the fprig, viftble to the eye in a fprig new pluck’d, or in a fprig 
withered on the Branch, from which the leaves eafily fall by 
touching. 

The leaf being almoft an oblong fquare, and fet into the Pe- 
dunculus, at one of the lower corners, receiveth from that not 
onely a Spine , as I may call it, which, palling through the leafj 
divides it fo length-ways that the outer-fide is broader then the 
inner next the fprig, but little fibres paffing obliquely towards 
theoppofite broader fide, feemtomafee it here a little mufcular,. 
and fitted to move the whole leaf, which, together with the 
Ivhole fprig, are fet full with little fhort whitifh hairs. 

One 
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One of thefe Plants, whofe branch feem’d to be older and 
more grown then the other, onely the tender Sprouts of it, after 
the leaves are (hut, fall and hang down ; of the other, the whole 
branches fall to the ground, if the Sun fhine very warm, upon the 
firft taking offtheGlafs, which I therefore call the humble Plant 

The other two, which do never fall, nor do any of their 
branches flagg and hang down, (hut not their leaves, but upon 
fomewhat a hard ftroke ; the Araiks feemto grow up from a root 
and appear more herbaceous, they are round and fmooth, without 
any prickle, the Sprouts from them have feveral pairs of fprigs. 
With much lefs leaves then the other on them, and have on 
each fprig generally feventeen pair. 

Upon touching any of the fprigs with leaves on, all the leaves 
on that fprig contra&ing themfelves by pairs, joyned their up- 
per fuperBcies clofe together. 

Upon the dropping a drop of Aquafortis on the fprig be- 
twixt the leaves, f f all the leaves above (hut prefently, thofe 
below by pairs fucceffively after, and by the lower leaves of the 
other branches, //, dec. and (o every pair lucceflively, 
with fome little diftance of time betwixt, to the top of each fprig, 
and fo they continu’d (hut all the time we were there. But I re- 
turning the next day, and feveral days fince, found all the leaves 
dilated again on two of the fprigs ; but from /yi where the Aqua 
fortis had dropped upwards, dead and withered ; but thofe be- 
low on the fame fprig, green, and clofing upon the touch, and 
arc fo at this day, Auguft 14. 

With a pair of Scifl’ers, asfuddenlyas it could be done, one 
of the leaves b b was clipped oftin the middle, upon which that 
pair, and the pair above, clofed prefently, after a little interval, 
d d, then e e, and fo the reft of the pairs, to the bottom of the 
fprig, and then the motion began in the lower pairs, l /, on the 
other fprigs, and fo (hut them by pairs upwards, though not 
with fuch diftmft diftances. 



Cinder 



Micrograp h f A; ' ixf 

Under a pretty large branch with its fprigs on, theie lying 
a large Shell betwixt two and three Inches below it, there was 
rubbed on a ftrong fenced oyl, after a little time all die leaves on 
that (prig were fhut, and fo they continued all the time of our 
flay there, but at my returne the next day, 1 found the pofition 
of the Shell alter’d, and the leaves expanded as before, and 
clofing upon the touch. 

Upon the application of die Sun- beams by a Bnrning-glafs, 
the more humble Plant fell, the other fhut their leaves. 

We could not fo apply thefmoak at' Sulpher^ as to have art f 
vifible effeft from that, at two or three times trial ; but on ano- 
ther trial,the fmoak touching the leaves, it lucceedecL 

The humble Plant fell upon taking oft' the Glafs wherewith it 
was covered. 

Cutting oft one of the little Sprouts, two or three drops of li- 
quor were thruft out of the part from whence that was cur, very 
cleer, and pellucid, of a bright greenifh colour, rafting at firft a 
little bitteri(h,butafter leaving a licorifh-like tafte in my mouth. 

Since, going two or three times when it was cold, 1 took die 
Glafles from die more humble Plants and it did not fall as former- 
ly, but fhut its leaves onely. But coming afterwards, when the 
Sun (hone very warm, as foon as k was taken off’ it fell as 
before. 

Since I pluck’d oft’ another fprig, whofe leaves were all fhut, . 
and had been fo fome time:, thinking to obferve rife liquor 
fhould come from that I : had broken off, but finding none, 
though with prefling, to come, l, as dexteroufty as I could, pull'd 
off one whofe leaves- were expanded, and then-had upon the (hut- 
ring of the leaves, a little of die mention'd: liquor, from the end 
of the fprig I had broken from the Plant. And this twice fuc^ 
ceflively, as often almoft as I durft roB the Plant. 

But my curiofity carrying me yet further, I cut oft' one of 
the harder branches of the ftronger Plant, and there came of the. 

liquor. 
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liquor, both from that I had ait, and chat 1 had cut it from 
without preffure. * 

Which made me think, that the motion of this Plant upon 
touching, might be from this, that there being a content inter- 
courfe betwixt every part of this Plant and its root, either by a cir- 
culation of this liquor, or a conftant prefling of the fubtiler parts 
of it to every extremity of the Plant. Upon every preffure, from 
whatfoever it proceeds, greater then that which keeps it up, the 
fubtile parts of this liquor are thruft downwards, towards its ar- 
ticulations of the leaves, where, not having room prefently to get 
into the fprig,the little round pedunculus , from whence the Spine 
and thofe oblique Fibres I mention'd rife, being dilated, the 
Spine and Fibres (being continued from it) mu ft be contrafted 
and fihorrned, and. fodraw the leaf upwards to joyn with its fel- 
low in the fame condition with it felf, where, being doled, they 
are held together by the implications of the little whitifti hair, as 
well as by the ftill retreating liquor, which diftending the Fibres 
that are continued lower to the branch and root, fhorten them 
above ; and when the liquor is fo much forced from the Sprout, 
who k Fibres are yet tender, and not able to fupport themfelves, 
but by that tenfnefs which the. liquor filling their inter jiices gives 
them, the Sprout hangs and flags. 

But, perhaps, he that had the ability and leifure to give you 
the exaft Anatomy of this pretty Plant, to fhew you its Fibres , 
and vifible Canales, through which this fine liquor circulated!, 
or is moved, and had the faculty of better and more copioufly 
cxprefling his Oblervations and conceptions, fuch a one would 
eafily from the motion of this liquor, folve all the Phenomena, 
and would not fear to affirm, that it is no obfcure fenfation this 
Plant hath. But I havefaid too much, I humbly fubmit, and am 
ready to ftand corre&ed. 

o no j . ■■ ■ -■ 

I have not yet made fo full and fatisfaftory Oblervations as I defire on 

this Plant, Which feenis to be a Subjefi that will afford abundance of 

information. 
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information. But as farr as I have bad opportunity to examine jt,I have 
rh {covered with my Microfiope very curious ftruttures and connivances, 
but defigning much more accurate examinations and trials, both wit my 
h Mcro(ifpe, and otherwife, as foon as the feafon will permit, Iffiall not till 
^en add anything of what I have already taken nonce of; but as farr as 
I have yet obferv’d,I judge the motion of it to proceed from caufes very, 
differing from thofe by which Cut-ftrings,or Lutc-ftrtngs,the beard of a 
wilde Oat, or the beard of the Seeds of Geranium, 

„*£ and other of kinds tfCrami-billjmxz themfelves. Of which Ifball 
add more in the fubfequent Oblervations on thofe bodies. 
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Obferv. XIX. Of a Plant gromng in the blighted or yellow /pecks 
0 /Damask-rofc-leavcs, Bramble-leaves, and form other kind 
cf leaves . 

I Have for feveral years together, in the Moneths oiJme,Jhly, Augtlji, 
and September (when any of the green leaves oiRofis begin to dry and 
grow yellow) obferv’d many of them, efpeciaily the leaves of the old 
lb rubs of DamaskzRofes, all befpecked with yellow ftains, and the under- 
fides juft againft them, to have little yellow hillocks of a gummousfub- 
ftance, and feveral of them to have fmall black (pots in the midft of thofe 
yellow ones, which, to the naked eye, appear’d no bigger then the point 
of a Pin, or the ftnaileft black fpot or tittle of Ink one is able to make 
with a very fharp pointed Pen. 

Examining thde with a Microfiope , I was able plainly to diftitiguiiTi,up 
and down the furface, feveral fmall yellow knobs, of a kind of yellowifh 
red gummy fubftance, out of which I perceiv’d there fprung multitudes 
of little cafes or black bodies like Seed-cods, and thofe of them that 
were quite without the hillock ofGumm, difclosd themfelves to grow 
out of it with a fmall Straw-colour’d and tranfparent ftem, the which 
feed and ftem appear’d very like thofe of common Mofs (which I elfe- 
Where deferibe) but that they were abundantly Ids, many hundreds of 
them being not able to equalize one (ingle feed Cod of Mols. 

I have often doubted whether they were the feed Cods of fome little 
Plant, or fome kind of fmall Buds, or the Eggs of Ibme very fitiall Infedt 
they appear’d of a dark brownifh red, fome almoft quite black, and of a 
Figure much refembling the feed-cod of Mofs, but their ftalks on which 
they grew were of a very fine tranfparent fubftance, almoft like the ftalk 
or mould, but that they feem d fbmewhat more yellow. 

That which makes me to fuppofe them.to be Vegetables, is for that! 
pereeiv d many of thofe hillocks bare or deftitute, as if thofe bodies lav 
yet concert d,as G. In others of them, they were juft fpringing out of their 
Idllocks, which all feem’d to lhoot diredly outwards, as at A. In 
ers, as at B, I found them juft gotten out, with very little or no ftalk. 

S And 
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and the Cods of an indifferent cize;but in others,a$ C t uu t . 
to have little fhort ftalks, or Items; in others in 
grown bigger, and larger - and in others, as at £ F h’ U-fe 
Lns and Cods were grown a great deal bigger, and the felki wm 
rnorebulky about the root, and very much taper’d towards the topTs 
at F and L is tnoft vifible. * > as 

I did not find that any of them had any feed in them, orthatanvnf 
them were hollow, but as they grew bigger and bigger, I found ffie 
heads or Cods begin to turn their tops towards their roots, in the fw 
manner as I had obferyd that of Mofs to do * fo that in all likelihood 
Nature did intend in that pofture, what (he does in the like leed-cods of 
greater bulk, that is, that the feed, when ripe, fhould be fhaken out and 
difperfed at the end of it, as we find in Columbine Cods, and the like 

The whole Oval OOOO in thefecond Ftgm of the 12. scheme 
repretents a finall part of a Rofe leaf, about the bignefs of the little Oval 
in the hillock, C, marked with the figure X. in which 1 have not par- 
ticularly obferv’d all the other forms of the furface of the Rofe-leafas 
being little to my prefent purpofe* 

Now, if thefe Cods have a feed in them fo proportion’d to the Cod as 
thofe of and Carnations , and Columbines , and the like, how unima- 

ginably fmall muft each of thofe feeds neceffarily be, for the whole 
length of one of the largeft of thofe Cods was not ^ part of an Inch * 
tome not above ,-*53, and therefore certainly, very many thoufand of 
them would be unable to make a bulk that fhould be vifible to the naked 
eye ; and if each of thefe contain the Rudiments of a young Plant of the 
fame kind, what muft we fay of the pores and conftituent parts of that > 

The generation of this Plant feems in part,afcribable to a kind of Mil- 
den> or Blight ^hereby the parts of the leaves grow fcabby, or putrify’d, 
as it were, lb as that the moifture breaks out in little fcabs or fpots, which, 
as I laid before, look like little knobs of a red gummous fubftance. 

From this putrify’d fcabb breaks out this little Vegetable ; which may 
be lbmewhat like a .Mould or Mof ; and may have its equivocal genera- 
tion much after the fame manner as I have fuppofed Mofs or Mould to 
have, and to be a more lhnple and uncompounded kind of vegetation, 
which is fet a moving by the putrifa&ive and fermentative heat, joy it’d 
with that of the ambient aerial, when (by the putrifaftion and decay of 
fome other parts of the vegetable, that for a while ftaiditsproerefs) it is 
unfetter’d and left at liberty to move in its former courfe, but by reafbn 
of its regulators, moves and afts after quite another manner then it did 
when a coagent in the more compounded machine of the more perfect 
Vegetable. 

And from this very fame Principle, I imagine the Mifeto of Oaks, 
Thorns, Appletrees, and other Trees, to have its original : It feldom or 
never growing on any of thofe Trees, till they begin to wax decrepid,and 
decay with age, and are pefter’d with many other infirmities. 

Hither alio may be referr’d thofe multitudes and varieties of Mujhrem, 
Inch as that, call’d Jews-ears, all forts ofgrajr and green Mofles,&c. which 
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iofeft ail kind of Trees, fh rubs, and the like,elpecial3y when they codie to 
any bignefs. And this we fee to be very much the method of Nature 
throughout its operations, putrifaWve Vegetables very often producing a 
Vegetable of a much 1 els compounded nature, and of a much inferiour 
tribe; and putrefa&ivc animal fubftances degenerating into fome kind of 
animal produftion of a much inferiour rank, and of a more fim pie nature. 

Thus we find the humours and fubftances of the body,upon putrifatfi- 
en,to produce Orange kinds of moving Vermine ; the putrifdlion of the 
Himes and juices of the Stomack and Cuts, produce Worms almoft like 
Earth-worms, the Wheals in childrens hands produce a little Worm,ca31'd 
a Wheal-worm : The bloud and milk, and other humours, produce other 
kinds of Worms, atleaft, if we may believe what is deliver’d to us by 
very famous Authors ; though, I confels, I have not yet been able to dis- 
cover fuch my fel£ 

And whereas it may feem ftrange that Vinegar, Meal , mufty Cocks , 8<c. 
are obferv’d to breed their differing kinds of Infefts, or living creatures, 
whereas they being Vegetable fubftances, feem to be of an inferiour kind, 
and lb unable to produce a creature more noble, or of a more com- 
pounded nature then they themfelves are of, and fo without fome con- 
current feminal principle, may be thought utterly unfit for fiich an ope- 
ration; I muft add, that we cannot prelently pofitively lay, there are 
no animal fubftancesj either mediately, as by the foil or fatningof the 
Plant from whence they lpri]ng,ormoreimmediateJy,by thereal mixture 
or compolition of fuch fobftances, join’d with them ; or perchance fome 
kind of Infeft, in fuch places where fuch kind of putrifying or ferment- 
ing bodies are, may, by a certain inftinft of nature, ejeft fome fort of fe- 
minal principle, which cooperating with various kinds of putrifying fob- 
nances, may produce various kinds of Infects, or Animate bodies : For we 
find in moft forts of thofe lower degrees of Animate bodies, that the 
putnfywg fubftances on which thefe Eggs, Seeds, or feminal principles 
arecait fay the Iofeft, become, as it were, the Matrices or Wombs that 
conduce very much to their generation, and may perchance alfo to their 
variation and alteration much after the fame manner, as, by ftrange and 
unnatural copulations, Several new kinds of Animals are produc’d, as 
an the Iikej which are ufually call d Monftrous^ becaufea little 
y V 0U fk ™ n )’ °f them have all their principal parts as perfectly 

Ammll? d Tf^ apt f d for , their ufes, as any of the moft perfeft 

the putrifying body, on which any kind of feminal 

Iv a nurfincr fnd C f become fomewhat more then meer- 

h u IpCr 1U the aild Ptoduftion of 
of a Womh flip ' ° ^ I ^ e ." 1 ? r f neer approaches the true nature 

might bring itShty b^f “¥*4 

concern in Natural Philofophy. VVft Ch WOuJd be of no fmall 

Bbt thatfutrijyiug anioial fiibfcnces may produce animals Ii^rior 

S 2 kind. 
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kind I fee not any fo very great a difficulty, but that one may, without 
much ablurdity, admit : For as there may be multitudes of contrivanc 
that go to the making up of one compleat Animate body 5 fo That fonT 
of thofe coadjutors ,in the perfect exiftence and life of it, mav be viriatSi 
and the life of the whole deftroyed, and yet feveralof the conflicting 
contrivances remain intire,! cannot think it beyond imagination or poilibb 
lityf no more then that a like accidental procefs,as I have ellwhere hinted* 
may allb be fuppofed to explicate the method of Nature in the Metamor- 
phojis of Plants. And though the difference between a Plant and an Ani* 
mal be very great, yet I have not hitherto met with any fo cogem an Ar- 
gument, as to make me pofitive in affirming thefetwoto be altogether 
Heterogeneous ,and of quite differing kinds of Nature; And befides.as there 
are many Zoophyts , and fenfitive Plants (divers of which I haye feen which 
are of a middle nature,and feem to be Natures tranfition from one degree 
to another, which may be obferv’d in all her other paflages, wherein fhe 
is very feldom obferv d to leap from one flep to another) fo have we in 
fome Authors, Inftances of Plants turning into Animals, and Animals into 
Plants, and the like ^ and fome other very ftrange (bccaufe unheeded) 
proceedings of Nature^ fomething of which kind may be met with, in 
the defoription of the Water-Gnat^ though it be not altogether fo dire# 
to the prefont purpofe. 

But to refer this Difcourfe of Animals to their proper places, I fhall 
add, that though one fhould luppoie, or it ftiould be prov a by Obferva- 
tions, that fever al of thefo kinds of Plants are accidentally produc’d by a 
cafiial putrifaBion , I fee not any great reafon to queftion, but that, not- 
withftanding its own produ&ion was as ’twere cafnal, yet it may germi- 
nate and produce feed, and by it propagate its own, that is,a new Species. 
For we do not know, but that the Omnipotent and All-wife Creator 
might as dire&Iy defign the ftru&ure of fuch a Vegetable, or fitch an 
Animal to be produc’d out of fuch or fuch a putrifaBion or change of 
this or that body, towards the conftitution or ftru&ure of which, he 
knew it ncceffary, or thought it fit to make it an ingredient 5 as that the 
digeftion or moderate heating of an Egg, either by the Female, or the 
Sun, or the heat of the Fire, or the like, fhould produce this or that Bird 5 
or that FutrifaBive and warm fleams fhould, out of the blowings,as they 
call them, that is, the Eggs of a Flie,produce a living Magot, and that, by 
degrees, be turn’d into an Aurelia , and that, by a longer and a propor- 
tion’d heat, be tranjhmted into a Fly. Nor need we therefore to fiippofe 
it the more imperfeft in its kind, then the more compounded Vegetable 
or Animal of which it is a part $ for he might as compleatly furnifh it 
with all kinds of contrivances neceflary for its own existence, and the 
propagation of its own Species, and yet make it a part of a. more com- 
pounded body : as a Clock-maker might make a Set of Chimes to be a 
part of a Clock, and yet, when the watch part or {hiking part are taken 
away, and the hindrances of its motion reraov’dj this chiming part 
may go as accurately, and ftrike its tune as exaftly, as if it were ftill a 
part of the compounded Automate#. So, though the original caufe, or 
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fi-minal principle from which this minute Plant on Rofe leaves did lprmgj 
wSe before The corruption cans d by the Mili-dcW, a component part 
Tfthe leal on which it grew, and did ferve as a coagent m the produdh- 
on and conftitution of it, yet might it be fo confummatfc, as to produce a 
leed which might have a power of propagating the fame fpecies:the works 
of the Creator Teeming of Inch an excellency, that though they tire unable 
to help to the perfecting of the more compounded exigence ot the greater 
Plant or Animal, they may have notwithftanding an ability of afting fingly 
upon their own internal principle, fo as to produce a Vegetable body, 
though of a left compounded nature, and to proceed fo farr in the me- 
thodof other Vegetables, as to bear flowers and feeds, which may be ca- 
pabale of propagating the like. So that the little cafes which appear to 
grow on the top of the (lender (talks, may, for ought I know, though 1 
Ihould flip pole them to fpring from the perverting of the tiftial Courle of 
the parent Vegetable, contain a (eed, which, being fcatter’d on other 
leaves of the feme Plant, may produce a Plant of much the feme kind. 

Nor are Dama(k-R_ofe leaves the onely leaves that produce thefe 
hinds of Vegetable (pourings $ for I have obferv’d them alfo in feveral 
other kinds of Rofe leaves, and on the leaves of feveral (orts of Briers, 
and on Bramble leaves they are oftentimes to be found in very great 
clutters; fo that I have found in one clutter, three, four, or five hundred of 
them, making a very confpicuous black (pot or (cab oft the back fide of 
the leaf 



Obferv. X X, Of blue Mould, and cf the firfi Principles cf Ve- 
getation arifing from Putrefa&ion. 

npHc Blue and White and feveral kinds of hairy mouldy (pots, which 
J. are obfervable upon divers kinds of bodies, whether Ani- 
mal iubftances,or Vegetable, (uch as the (kin, raw or drefs’d, fle(h,bloud 
humours, milk, green Cheefe,^. or rotten fappy Wood, or Herbs 
Leaves, Barks, Roots, &c. of Plants, are all of them nothing elfe but fe- 
veral kinds offoaU and varioufly figur’d Mufliroms, which, from coiWe- 
ment materials mthoie putrifyixg bodies, are, by the concurrent heat of 
the Air, excited to a certain kind of vegetation, which will not be un- 
worthy our more fenous (peculation and examination, as 1 Shall by an< J 

KhTtav^dSi 1 f?H r T ife - a < £ ot t 
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feed which might have a power of propagating the feme fpectes.the wor s 
SSSeming of fuch an excellency, that though they are unable 

L f ,i n to j-^e perfecting ofthe more compounded extftence of the greater 
Plant or Animal, they may have notwithftanding an ability ofafting fingly 
upon their own internal principle, foas to produce a Vegetable body, 
though of a lefs compounded nature, and to proceed fc fan m the me- 
thod of other Vegetables, as to bear flowers and feeds, which may be ca- 
pabale of propagating the like. So that the little cafes which appear to 
Lwon the top g of the {lender folks, may, for ought I know, though 1 
fhould fuppofe them to fpring from the perverting or the umal Courfe or 
the parent Vegetable, contain a feed, which ? being fcatterd on other 
leaves ofthe fame Plant, may produce a Plant of much the fame kind. 

Nor are Damafk-Rofe leaves the onely leaves that produce thefe 
kinds of Vegetable fproutingsj for I have obfervd thdnalfoin feveral 
other kinds of Rofe leaves, and on the leaves of feveral forts of Briers, 
and on Bramble leaves they are oftentimes to be found in very great 
clutters, fb that I have found in one clutter, three, four, or five hundred of 
them, making a very confpicuous black lpot or fcab on the back fide of 



Obferv. X X. Of blue Mould, and cf the firfi Principles cf Ve~ 
getationarifmgfrom Putrefa&ion. 

/ TpHe Blue and White and feveral kinds of hairy 1 mouldy {pots, which 
_1 are obfervabl e upon divers kinds of putrify’d bodies, whether Ani- 
mal fubftances, or Vegetable,{uch as the {kin, raw or drefs’d, fiefo,bIoud, 
humours, milk, green Cheefe, &c. or rotten fappy Wood, or Herbs, 
Leaves, Barks, Roots, &c. of Plants, are all of them nothing elfe but fe- 
veral kinds of ttnail and varioufly figur’d Mufhioms, which, from conve- 
nient materials inthofe petrifying bodies, are, by the concurrent heat of 
the Air, excited to a certain kind of vegetation, which will not be un- 
worthy our more ferious fpeculation and examination, as I ftiall by and 
by {hew. But, firtt,I mutt premife a fiiort defer rptiod of this Specimen 
which I have added of this Tribe, in the firft Figure ofthe X 1 1. Scheme 
which is nothing elfe but the appearance of a final! white fpot of hairy 
mould,multttudes of which I found to befpeck & whiten over the red co- 
vers ofa fmall book, which, it feems, were of Sheeps-fkin,that being more 
apt to gather mould, even in a dry and clean room, then other leathers,' 
I heie lpots appear d, through a good Micrafcopeyo be a very pretty ihap’d 
Vegetative body, which, from alraoft the feme part ofthe Leather, foot 

oat 
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out multitudes of fmall long cylindrical and tranf P arentftalks,notexa<fo 
ly ftreight.biu a little bended with the weight of a round and white knob 
that grew on the top of each of them* many ofthefe knobs Iobfervd 
to be very round, and of a fraooth furface, fuch as A A, &c. others 
fmooth hkewife but a little oblong,as B* feveral of thema little broken 
or cloven with chops at the top, as C * others flitter’d as Were, or flown 
all to pieces, as D D. The whole fubflance of thefe pretty bodies was 
of a very tender conftitution, much like the fubftance of the fofter kind 
of common white Mufhroms, for by touching them with a Pin, I found 
them to be brufed and torn 5 they feem’d each of them to have a di- 
ltin& root of their own * for though they grew neer together in a duller 
yet I could perceive each Item to rife out of a diftinft part or pore of the 
Leather j fome of thefe were fmall and fhort, as feeming to have been but 
newly iprungup, of thefe the balls were for the moll part round, others 
were bigger, and taller, as being perhaps of a longer growth, and ofthefe 
for the moll part, the heads were broken, and fome much walled, as E 5 
what thefe heads contain’d I could not perceive * whether they were 
knobs and flowers, or feed cales, I am not able to fay, but they fcem’d 
moft likely to be of the lame nature with thofe that grow on Mulhroms 
which they did, fome of them,not a little referable. 

Both their Imell and tafle, which are a&ive enough to make a fenlible 
impreflion upon thofe organs, are unpleafent and noilbme. 

I could not find that they would lb quickly be deftroy'd by the actual 
flame of a Candle, as at firft fight of them I conceived they would be, but 
they remain’d intire after I had pall that part of the Leather on which 
they ftuck three or four times through the flame of a Candle* fo that, it 
feems they are not very apt to take fire, no more then the common white 
Mulhroms are when they are fappy. 

There are a multitude of other fhapes, of which thefe Microfcopical 
Mufhroms are figur’d, which would have been a long Work to have de- 
feribed,and would not have foited fo well with my delign in this Treatife, 
onely,amongft the reft, I mull not forget to take notice of one that was a 
little like to, or refembled, a Spunge, confifting of a multitude of little 
Ramifications almoft as that body does, which indeed feems to be a kind 
of Water-Mulhrom, of a very pretty texture, as I elfe-where manifeft. 
And a fecond, which I mull not omit, becaufe often mingled, and neer 
adjoining to thefe I have delcrib’d,and this appear’d much like a Thicket 
of buffies, or brambles, very much branch’d, and extended, fome of them, 
to a great lengthen proportion to their Diameter, like creeping brambles* 

The manner of the growth and formation of this kind of Vegetable, is 
the third head of Enquiry, which, had I time,! ftiould follow : the figure 
and method of Generation in this concrete feeming to me, next after 
the Enquiry into the formation, figuration, or chryftalization of Salts, to 
be the moll Ample, plain, and eafie * and it feems to be a medium 
through which he mull necefiarily pals, that would with any likelihood 
inveftigate the forma inform an s of Vegetables : for as I think that he Ihalf 
find it a very difficult talk, who undertakes to difeover the form of Sa- 
line 
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ime cfVftallizations, without the confideration and piefcience of the na 
ute and reafon of a Globular form, and as difficult to create th,s con- 
figuration of Mulhroms, without the previous conlidepmon of thefontf 
of Salts* fo will the enquiry into the forms of Vegetables be no efe, if 
not much more difficult, without the lore-knowledge of the fof'ffis of 
Muffivoms, thefe feveral Enquiries having no ,Jefi depend a nee one up- 
on another then any feleft number of Propofitions m Mathematical Ele- 

NorXnmagffie Sha^foe flops from the one to another will be found 
very great, if beginning from fluidity, or body without any form, we 
defeend gradually, till we arrive at the higheft form of a bnlje Animal s 
Soul making the Heps or foundations of out Enquiry, FlutdHyyOrbicn- 
Uiien, Fixation , Angulization, or Nation Germination or Ebnih* 

lion, Vegetation ylantanimation, Animation , Senfition, Imagination. 

' Now, that we may the better proceed in our Enquiry, It Will be re- 

quifite to confider : . ’ 

Firft, that Mould and Mulhroms require no fefiiinal property, but the 
former may be produc'd at anytime from any kind of putrefying Animal, 
or Vegetable Subftance,asFlelh,d“c. kept moift arid warm, and the latter, 
if what Matbiolus relates be true, of making them by Art, are as much 
Within our command, of which Matter take the Epitomie which Mr* 
Varkitifon has deliver’d in his Herbal, in his Chapter of Mufroms, becaufe 
I have not Mathiolvs now by me : Vnto thefe Mufroms (faith he) may 
atjo be adjoynd thofe which are made of. Art (wher ee/iVl athiol u s makes men- 
lion) that grow naturally among certain ftones in Naples, and that tho 
fanes being digg'd up , and carried to Rome, and other places, where they 
fit them in their Wine Cellars , covering them with a little Marthytnd Jprinf 
ling a little warm water thereon , would within four days produce Mujhromi 
fit to be eaten , at what time one will: As alfo that Mujhronis may be made 
to grow at the foot of a wilde Poplar Tree, within four days after , warm 
water wherein fome leaves have been dijjolv'd Jhall be pour d into the Root 
(which mufi be fit) and the Jlocfi above ground. 

Next, that as Mufhroms may be generated without feed, fo does it 
not appear that they have any fuch thing as feed in any part of them * for 
having confideted feveral kinds of them, I could never find any thing in 
them that I could with any probability ghels to be the feed of it, lb that 
it does not as yet appear (that I know of) that Mufhroms may be ge- 
nerated from a feed, but they rather feem to depend merely, upon a con- 
venient conftitution of the matter out of which they are made, and a 
concurrence of either natural or artificial heat. 

Thirdly, that by feveral bodies (as Salts arid Metals both in Water and 
in the air, and by feveral kinds of feblimations in the Air) actuated and 
guided with a congruous heat, there may be produc’d feveral kinds of 
bodies as curioufiy, if not of a more coffipos’d Figure ; feveral kinds of 
Tiling or Ebulliating Figures feem to manifeft 5 as witnefs the fhooting 
in the Re&fication of fpitits of Vrine, Hart-horn , , Blond, See. witnefs alfo 
the curious branches of evaporated diflolutions, fome of them amdnft 

the 
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the fides of the containing Jar : others Handing up, or growing an end 
out of the bottom, ofwhich I have taken notice of a very great variety* 
But above all the reft, it is a very pretty kind of Germination which is af- 
forded us in the Silver Tree, the manner of making which with Mercury 
and Silver, is well known to the Chy mitts, in which there is an Ebullition 
or Germination, very much like this of Mulhroms, if! have been rightly 
inform'd of it. 

Fourthly, I have very often taken notice of, and alfoobferv'd with a 
Microfcvpe , certain excrefcencies or Ebullitions in the fnuff of a Candle 
which, partly from the flicking of the fmoaky particles as they are car- 
ryed upwards by the current of the rarify’d Air and flame, and partly 
alfofrom a kind of Germination or Ebullition of fome actuated un&uous 
parts which creep along and filter through fome fniall firing of the Week, 
are formed into pretty round and uniform heads, very much refembling 
the form of hooded Mulhroms, which, being by any means expos'd to the 
frefli Air, or that air which encompafles the flame, they are prefently 
lick'd up and devour'd by it, and vanifh. 

The reafon of which Th&nomenon fee ms to me,to be no other then this 3 

That when a convenient thread of the Week is fo bent out by the fides 
of the fnuff that are about half an Inch or more, remov’d above the 
bottom, or loweft part of the flame, and that this part be wholly included 
in the flame 5 theOyl (for the realon of filtration, which I have clfe- 
where rendred) being continualy driven up the fnuff, is driven like- 
wife into this ragged bended-end, and this being remov'd a good 
diftance, as half an Inch or more, above the bottom of the flame, the 
parts of the air that paffes by it, are already, almoft fatiated with the dif- 
folution of the boiling unftuous fleams that iflued out below, and there- 
fore are not onely glutted, that is, candifiblve no more then what they 
are already a&ing upon, but they carry up with them abundance of 
unftuous and footy particles, which meeting with that rag of the Week, 
that is plentifully fill'd with Oyl, and onely fpends it as faff as it evapo- 
rates and not at all by diffolution or burning, by means of thefe jteamy 
parts of thefiiterated Oyl iffuing out at the fides of this ragg, and being 
inclos’d with an air that is already fatiated and canfiot prey upon them 
nor burn them, the attending footy particles are flay d about it and fix d, 
fo as that about the end of that ragg or filament of the fouft vvhence the 
greateft part of the fleams iffue there is conglobated or fix d a round 
and pretty uniform cap, much refcmbl.n| the head of a Mullnom, which, 

ifitbeof anv Great bignefs, you may obferve that its underfide will be 

brought into it by filtration, being by the bulk of the cap a little flieltor d 
from the heat of the flame, does by that means iflue asmuchout frombe- 
neath from the ftalk or downwards, as it does upwards, and by reafo 
the m-eat accefs of the adventitious fmoak from beneath, it mcreafes moft 

Sat S way. Thatthismay be the true reafon of thi^^^cmdd 

produce many Arguments and. Experiments ^ ^ ' tka ft 

^ Firfl, that the Filtration carries the Oyl to the top oi the e , ^ 
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... , is vifible to one that will obferve the fnuffol .1 

bA andt wl a MUrofif, *lf« he may fee an Ebullrtton or 

*" 'N^thMMSfteamfmy^ 'moreAenburo “l Jouldtcllyou ofthe 

dimbllrfi of aCandle, .hetonger thefnuff be which anfe Iron, the 

the burning afunder of a thread, that will firfl break in thofe parts that 
the edges of the flame touch, and not in the middle. . 

And I could add feveral Gbfervables that I have taken notice of in the 
flame of a Lamp actuated with Bellows, and very many others that con- 
firm me in my opinion, but that it is not fo much to my prefent purpofe* 
which is onely to confider this concreet in the fiiuft of a Candle, iolarr 
as it has any refembknee of a Mulhrom, to the confideration of which, 
that I may return, I tty, we may alio obferve : 

Ih the firfl place, that the droppings or trillings of Lapidefcent waters 
in Vaults under ground, feem to conflitute a kind o {petrify d body,form a 
almoft like fome kind ofMufhroms inverted, in fo much that I have tten 
fomeknobb’d a little at the lower end, though for the moft part, indeed 
they are otherwife fliap’d,and taper’d towards the end} the generation of 
which feemsto be from no other reafon but this, that the water by foak- 
ing through the earth and Lime (for I ghefs thatfubftance to add much 
to it petrifying quality) does fo impregnate it felfwithftony particles, 
that hanging in drops in the roof of the Vault, by reafon that the 
foaking of the water is but flow, it becomes expos'd to the Air, and there- 
by the outward part of the drop by degrees grows hard, by reafon that 
the water gradually evaporating the ftony particles neer theoutfides of 
the drop begin to touch, and by degrees, to dry and grow cloier toge- 
ther, and at length conflitute a cruft or fhell about the drop} and this 
foaking by degrees, being more and more fupply’d, the drop grows 
longer and longer, and the fides harden thicker and thicker into a 
Quill or Cane, and at length, that hollow or pith becomes almoft ftop’d 
up, and folid : afterwards the foaking of the petrifying water, finding no 
longer a paflage through the middle, hurfts out, and trickles down the 
outfide, and as the water evaporates, leaves new foperinduc d fhells, 
which more and more fwell the bulk of thofe Iceicles } and becaufe of 
the great fupply from the Vault, of petrifying water, thofe bodies grow 1 
bigger and bigger next to the Vault, and taper or fliarpen towards the- ' 
point} for the accefs from the arch of the Vault being but very flow, and 
confequently the water being fpread very thinly over the furface of the 
Iceicle,the water begins to fettle before it can reach to the bottom, or 
corner end of it } whence, if you break one of thefe 3 you would almoft 
imagine it a flick of Wood petrify d i it having fo pretty a refemblance of 
pith and grain, and if you look on the outfide of a piece, or of one 
whokj you would think no lefs, both from its vegetable rouodneis and. 
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tapering form ; but whereas all Vegetables are obferv’d to fhootand 

foZS y upwards = this does *** 

By which laft Obfervables, we fee that there may be a very pretty 
body fhap d and concreeted by Mechanical principles, without the leaft 
or probability of any othef feminal fprmatrix. 

And fince we find that the great reafonofthe Vhtinomena ofthispret- 
ty petrifaction, are to be reduc’d from the gravity of a fluid and pretty 
volatil body impregnated with ftony particles, why may not the vUnl 
tnena of Ebullition or Germination be in part poflibly enough deduc’d 
irom the levity of an impregnated liquor, which therefore perpendicu- 
larly alcending by degrees, evaporates and leaves the morefolid and 
fax d parts behind in the form of a Mufhrom, which is yet further diverfi- 
ty d and lpecihcated by the forms of the parts that impregnated the li- 
quor, and compote or help to conftitute the Mufhrom. 

That the foremention’d Figures of growing Salts, and the Silver Tree, 
are from this principle^ I could very eafily manifeft 5 but that! have not 
now a convenient opportunity of following it, nor have I made a fuffici- 
ent number of Experiments and Obfervations to propound, explicate, and 
prove fo ufefull a Theory as this of Mufhroms : for, though the con- 
trary principle^ to that o£ petrify d Iceicles may be in part a caufe j yet 
I cannot but think, that there is lbmewhat a more complicated caufe, 
though yet Mechanical, and poflible to be explain'd. 

. therefore have further to enquire of it, what makes it to be filch a 

liquor, and to afcend, whether the heat of the Sun and Air, or whe- 
ther that of firmentiation and putrifa&ion, or both together 5 as alfo whe- 
ther there be not a third or fourth , whether a Saline principle be not a 
confiderable agent in this bufinefs alfb as well as heat^ whether alio a fixa- 
tion, precipitation or fettling of certain parts out of the aerial Mufhrom 
may not be alfb a confiderable coadjutor in the bufinefs. Since we find 
that many pretty beards or fiirite of the particles of Silver may be preci- 
pitated upon a piece of Brafs put into a folution of Silver very much di- 
luted with fair water, which look not unlike a kind of mould or hoar 
upon that piece of metal j and the hoar firofl looks like a kind of mould} 
and whether there may not be feveral others that do concurr to the pro? 
duition of a Mufhrom, having not yet had fuificient time to profecute ac- 
cording to my defires, I mu ft referr this to a better opportunity of my 
own, or- leave and recommend it to the more diligent enquiry and exa- 
mination offuch as can be mafters both of Jeiiureand conveniences for 
foch an Enquiry. 

And in the mean time, I muft conclude, that as far as I have been able 
to look into the nature of this Primary kind of life and vegetation j I can- 
not find the leaft probable argument to perfwade me there is any othei 
concurrent caufe then foch as is purely Mechanical, and that the eflfedfo 
or productions are asneceflary upon the concurrence ofthofe caufes as 
that a Ship, when the Sails are hoift up, and the Rudder is let to iiichia 
pofition,fhould,when the Wind blows, be mov’d in fuch away orcoujft 
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,o that or t'other place; Or, at .that the bn, fed Watch, whioKJtaen- 
rioo in the defcription of Mofs, (hould, when thofe parts which hindred 
iremotinn were fallen away, begin to move, but after quite another mao- 
ner then it did before. 



Obferv. X X j . Of Mofs, and fever al other [mail vegetative Sub- 
fiances. 

M Ofs is a Plant, that the wifeft of Kings thought neither unworthy 
his fpeculation, nor his Pen, and though among!!: Plants it be in 
bulk one of the fmalleft, yet it is not the leaft confiderable : For, as to its 
fhape, it may compare for the beauty of it with any Plant that grows, 
and bears a much bigger breadth } it has a root almoft like a feedy Parf- 
nep,furnifh'd with fmall firings and fuckers, which are all of them finely 
branch’d, like thofe of the roots of much bigger Vegetables 5 out of this 
iprings the ftem or body of the Plant, which is fomewhat Quadrangular, 
rather then Cylindrical^ moil curioufly fluted or ftrungwith fmall creafes, 
which run,for the moft patt^paraf/el the whole ftem 5 on the fides of this 
are clofe and thick fet, a multitude of fair, large, well-fhap’d leaves, fbme 
of them of a rounder, others of a longer fhape, according as they are 
younger or older when pluck’d j as I gheis by this, that thole Plants that 
had the ftalks growing from the top of them, had their leaves of a much 
longer fhape, all the lurface of each fide of which, is curioufly cover’d 
with a multitude of little oblong tranfparent bodies, in the manner as 
you fee it exprds’d in the leaf B, in the X 1 1 1. Schema 
This Plant, when young and fpringing up, does much referable a Houfl 
leek, having thick leaves, almoft like that, and feems to be fomwhat Of kin 
to it in other particulars 5 alio from the top of the leaves, there fhoots out 
a fmall white and tranfparent hair, or thorn : This ftem, in time, come to 
Ihoot out into a long,roundand even ftalk, which by cutting tranfverfly 
when dry, I manifeftly found to be a ftiff, hard, and hollow Cane, or 
Reed, without any kind of knot, or flop, from its bottom, where the 
leaves encompafs’d it, to the top, on which there grows a large feed cafe 
A, cover’d with a thin, and more whrtifh fkin,B, terminated in a Ions 
thorny top which at firft covers all the Cafe, and by degrees, as that 
fwdJs, the 1km cleaves, and at length falls off, with its thorny top and all 
(which is a part of it) and leaves the feed Cafe to ripen, and by degrees 
to matter out its feed at a place underneath this cap, B, which before 
k n P e ’. a Pp earsil ^ e a flat barrd button, without any hole in the 

opening fever*! of ehefe dtp red Cafe, F, I foShS be 
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to that or t’other place 5 Or, as that the brufed Watch, which I men- 
tion in the defcription of Mofs, fhould, when thofc parts which hindred 
its motion were fallen away, begin to move, but after quite another man- 
ner then it did before. 



Obferv. XXL Of Mofs, arid fever al other f mall vegetative Sub- 
fiances. 

M Ofs is a Plant, that the wifeft of Kings thought neither unworthy 
his fpeculation, nor his Pen, and though amongft Plants it be in 
bulk one of the fmalleft, yet it is not the leaft confiderable : For, as to its 
lhape, it may compare for the beauty of it with any Plant that grows, 
and bears a much bigger breadth j it has a root a I moil like a feedy ParF 
nep, furnifh'd withfmall firings and fuckers, which are all of them finely 
branch’d, like thole of the roots of much bigger Vegetables •, out of this 
lprings the llem or body of the Plant, which is fbmewhat g)uadr angular , 
rather then Cylindrical , moft curioufly fluted or flrung with Imall creafes* 
which run, for the moft part, parallel the whole ftem } on the fides of this 
are clofe and thick let, a multitude of fair, large, well-fhap’d leaves, lome 




longer lhape, all the lurface of each fide of which, is curiouflv cover’d 
with a multitude of little oblong tranfparent bodies, in the manner as 
you fee it exprefs’d in the leaf B, in the X 1 1 1 . Schema 
This Plant, when young and fpringing up, does much refemble a Houf 
leek, having thick leaves, almoft like that, and leems to be fomwhat ofkin 
to it in other particulars 5 alfo from the top of the leaves, there fhoots out 
a fmall white and tranfparent hair, or thorn: This ftem, in time,come to 
fhoot out into a long,roundand even ftalk, which by cutting tranfverflv 
when dry ImamfeSly found to be a ftiff, hard, and hollow Cane S 
• 5 Wlth °ut any kind of knot, or flop, from its bottom, where* the 

v s encompafs d it, to the top, on which there grows a large feed cafe 

tZlt l thh d 3 " d more whitifll terminated ina long 

fwcRJk ' Whl , ch at firft covers a]1 the ^fo, and by degrees as that 
(which k ^ C ai ?d at ^ en gfh falls off, with its thorny top and all 

St “f'O and '«veMh e feed Cafe to ripen, and by de«e« 
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quite hollow 3 wkhout any thing at all in them • whereas when I cut them 
afunder withaftarp Pen-knife when green, l found in the middle ofthh 
great Cafe, another fmaller round ^between which two, the interface) 
5 1 ? J™* 1 ndtttnAcscf ftrnigi e fibres, which Teem’d to fufpend the 
leflerCafem the middle of the other, which (as farr as I was able todift 
cern) teem d full of exceeding fmall white feeds, much like the feed-bap® 
in the knop or a Carnation , after the flowers have been two or three 
days, or a week, fallen off; but this I could not fo perfectly difeern and 
therefore cannot pofitively affirm it. 3 

After the feed was fallen away, I found both the Cafe, Stalk,and Plant 
all grow red and wither, and from other parts of the root continually to 
fpring new branches or flips, which by degrees increafed, and grew a* 
bigg as the former, feeded, ripen’d, fhatter’d, and wither’d. 

. I could not find that it obferv’d any particular feafons for thefe feveral 
kinds of growth, but rather found it to be fpringing, mature, ripe, feedv 
and wither’d at all times of the year ; But I found it moft to floudfh and 
increafe in warm and moifr weather. 

It gathers its nourifhments,for the moft part, out of fome Lapidefim^ 
other fuhftance corrupted or chang’d from its former texture, or fub- 
ftantial form 5 fori have found it to grow on the rotten parts of Stone 
of Bricks, of Wood, of Bones, of Leather, &c. 

It oft grows on the barks of feveral Trees, fpreading it felf, fometimes 
from the ground upwards, and fometimes from fome chink or cleft of 
the bark of the Tree, which has fome pwtrify'd fubftance in it 5 but this 
feems of a diftinft kind from that which I obferv'd to grow on putrifyd 
inanimate bodies, and rotten earth. 

There are alfo great varieties of other kinds of Mofles, which grow on 
Trees, and feveral other Plants, of which I fhall here make no mention, 
nor of the Mofs growing on the fkull of a dead man, which much re- 
fembles that of Trees. 

Whether this Plant does fometimes originally lpringor rife out of cor- 
ruption,without any difleminated feed, I have not yet made trials enough 
to be very much, either pofitive or negative ; for as it feems very hard to 
conceive how the feed fhould be generally difpers’d into all parts where 
there is a corruption) begun, unlefs we may rationally fuppofe, that this 
feed being fo exceeding (malftand confequcntly exceeding light, is there- 
by taken Up, and carried to and fro in the Air into every place,and by 
the falling drops of rain is wafh’d down out ofit, and fo difpers’d into all 
places, and there onely takes root and propagates, where it finds a con- 
venient foil or matrix for it to thrive in 5 fo if we will have it to proceed 
from corruption, it is not left difficult to conceive, 

Firft, how the corruption of any Vegetable, much lefs of any Stone or 
Brick, fhould be the Parent of fo curioufly figur'd, and fo perfect a 
Plant as this is. But here indeed, I cannot but add, that it feems rather to 
be a product of the Rain: in thofe bodies where it is flay’d, then of the 
very bodies themfelves, fince I have found it growing on Marble, and 
Flint j but always the Adicrofiope, if not the naked eye, would difcover 
fome little hole of Dirt in which it was rooted. Next, 
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Next hoW the corruption of each of thofe exceedingly differing bodies 
fhould all cqnfpiie to the production ofthe fame Plant, that is, that Stones, 
Bricks- Wood, or vegetable fubftanegs, and Bones, Leather, Horns, or 
animate fubftances, un lefs we may with fome p'laufibleneft fey, that Air 
and Water are the coadjutors, or mtvjirmims ‘mv\\ kinds oiputnjaajons, 
and that thereby the bodies (though whil ft they retain d then fiiuftan- 
rial forms, were ofexdceeing differing natures, yer)fince, they are diflolv d 
andmixt into another, they may be very Homogeneous , they being ahnofr 
refolv d again into Air, Water,and Earthy retaining, perhaps, one part of 
their vegetative faculty yet entire, which meeting with congruous aft 
fiftants, fuch as the heat of the Air, and the fluidity of the Water, and 
fuch like coadjutors and conveniences, acquires a Certain vegetation for 
a time, wholly differing perhaps from that kind of vegetation it had 
before. 

To explain my meaning a little better by a grofs Similitude: 

Suppofe a curious piece of Clock-work, that had had feveral motions 
and contrivances in it, which, when in order, would all have mov’d in 
their defign’d methods and Periods. We will further fuppofe, by fome 
means, that this Clock comes to be broken, hrufed, or odiervvife difor- 
dered, fo that feveral, parts of it being diflocated, are impeded, and fo 
ftand ftijl, and not onely hinder its own progreffive motion, and produce 
not the effedt which they were defigif d for, but becaufe the other parts 
alfo have a dependence upon them, put a flop to their motion likewife 5 
and fo the whole Inftrument becomes unforviceable,, and not fit for any 
ufo. This Inftrument afterwards, by fome fhaking and tumbling, and 
throwing up and down, comes to have feveral of its parts fhaken out, and 
feveral of its curious motions, and contrivances, and particles all fallen 
afunder } here a Pin falls out, and there a Pillar, and here a Wheel, and 
there a Hammer, and a Spring, and the like, and among the reft, away 
falls thofe parts alfo which were brufed and diforder’d, and had all this 
while impeded the motion ofall the refl:5 hereupon feveral of thofe other 
motions that yet remain, whofe fprings were not quite run down, being 
now at liberty, begin each of them to move, thus or thus, but quite after 
another method then before, there being many regulating parts and the 
like, fallen away and loft. Upon this, the O wner, who chances to bear 
and obfervefome of thefe efte&s, being ignorant of the Watch-makers 
Art, wonders what is betid his Clock, and prefently imagines that 
fome Artift has been at work, and hasfet his Clock in order, and made a 
new kind of Inftrument of it, but upon examining circumftances,he finds 
there was no fuch matter, but that the cafual flipping out of a Pin had 
made feveral parts of his Clock fall to pieces, and that thereby the ob- 
itacle that all this while hindred his Clock, together with other ufefull 
parts were fallen out, and fo his Clock was fet at liberty. And upon 
winding up thofe fprings again when run down, he finds his Clock to go 
but quite after another manner then i t was wont heretofore 
And thus may it be perhaps in the bufbefs of Mofs and Mould, and 
Mufhroms, and feveral other fpontaneous kinds oftyegetations, which 
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may be caus'd by a vegetative principle, which was a coadjutor to the 
life and growth of the greater Vegetable, and was by the deftroying 
of the life of it ftopt and impeded in performing its office $ but afte* 
wards, upon a further corruption of feveral parts that had all the while 
impeded it, the heat of the Sun winding up, as it were, the fpring, fets it 
again into a vegetative motion, and this being fingle,andnotat all regu- 
lated as it was befbre(when a part o f that greater machine the priftine ve- 
getable)^ mov'd after quite a differing manner. and produces effects very 
iifferingfrom thofeit did before. 

But this I propound onely as a conjecture, not that I am more endin' d 
to this Hypothecs then the feminal, which upon gopd reafon 1 ghefs to be 
Mechanical alio, as I may elfewhere more fully fheW : But becaufe I may, 
by this,hint a poffible way how this appearance rtiay be folv’d $ fuppofing 
we fhould be driven to confefs from certain Experiments and Obfervati- 
ons made, that fuch or fuch Vegetables were produc’d out of the cor- 
ruption of another, without any concurrent feminal principle (as I have 
given feme reafon to fuppofe, in the defeription of a Microjcopical Mufh- 
rome) without derogating at all from the infinite wifdorn of the Creator. 
For this accidental production, as I may call it, does manifeft as much, if 
not very much more, of the excellency of his contrivance as any thing in 
the more perfect vegetative bodies of the world, even as the accidental 
motion of the Automaton does make the owner fee, that there was much 
more contrivance in it then at firft he imagin’d. But of this I have added 
more in the defeription of Mould,and the Vegetables onRofe leaves, 
thofe being much more likely to have their original from fiich a caufe 
then this whichl have here deferibed, in the 1 3* scheme , which indeed 1 
cannot conceive otherwife of, then as of a rooft perfect Vegetable, want- 
ing nothing of the perfections of themoft confpicuous and vafteft: Vege- 
tables of the world, and to be of a rank fo high, as that it may very 
properly be reckon’d with the tall Cedar of Lebanon^ as that ; Kingly 
Botanift has done. 

We know there may be as much curiofity of contrivance, and excel- 
lency of form in a very finall Pocket-clock, that takes not up an Inch 
fquare of room,as there may be in a Church-clock that fills a whole room 5 
And I know not whether all the contrivances and Mechanifms requifite 
to a perfeft Vegetable, may not be crowded into an exceedingly lefs 
room then this of Mofs, as I have heard of a ftriking Watch fo final!, 
that it ferv’d for a Pendant in a Ladies ear ; and I have already given 
you the defeription of a Plant growing on Rofe leaves, that is abundant- 
ly fmaller then Mofs 5 infomuch, that neer 1000, of them would hardly 
make the bignefs of one fingle Plant of Mofs. And by comparing the 
bulk of Mofs, with the bulk of the biggeft kind of Vegetable we meet 
with in Story (of which kind we find in fome hotter climates, as Gume, 
and Brafile. the ftock or body of fbme Trees to be twenty foot in ia- 
meter, whereas the body or Item of Mofs, for the moft P ar ^ ls 5 °^ a 
one fixtieth part of an Inch) we (hall find that the bul o t®, 

will exceed the bulk of the other, no lefs then 2985984 Millions, 

* or 
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or 2985984000000, and fuppofing the prodii&iofi on a Rofe leaf to be 
a Plant, wefhali have of thofe Indian Plants to exceed a production of 
the fame Vegetable kingdom no lefs then 1000 times the former number b 
fb prodigioufly various are the works of the Creator, and fb All-fufficient 
is he to perform what to man would feem un poffible, they being both 
alike eafie to him, even as one day, and a thoufimd years are to him as 
one and the fame time. 

Ihave taken notice of fuch an in finite variety of thofe fmaller kindsof 
vegetations, that fhould I have deferibed every one of them, they would 
aimoft have fill’d a Volume, and provd bigg enough to havemade a new 
Herbal, fuch multitudes are there to be found in moift hot weather, 
especially in the Summer time, on all kind of putrifying fubftances, which, 
whether they do more properly belong to the Claffis of Mufhronis^ or 
Moulds^ or Meffes, I {hall not now difpute, there being fbme that feem 
more properly of one kind , others of another , their colours and 
magnitudes being as much differing as their Figures and fubftances. 

Nay, I have obferv’d, that putting fair Water (whether Rain-water or 
Pump-water, or May-dew^ or Snow-water, it was aimoft all one) Ihave 
often obferv’d, I fay, that this Watef would, with a little branding, tarnifh 
and cover all about the fides of the Glafs that lay under water, with a 
lovely green 5 but though I have often endeavour’d to difcover with my 
Microfcope whether this green were like Mofs, or long ftriped Sea- weed, 
or any other peculiar form, yet fb ill and imperfedt are our Microfcopts^ 
that I could not certainly diferiminate any. 

Growing Trees alfo, and any kindsof Woods, Stones, Bones, that 
have been long expos d to the Air and Rain, will be all over cover’d with 
a greenifh fenrff, which will very much foul and green any kind of cloaths 
that are rubb’d againft it 5 viewing this, I could not certainly perceive 
in many parts of it any detetminate form,though in many I could perceive 
a Bed as ’twere of young Mofs, but in other parts it look’d almoft like 
green bufnes 5 and very confus d^but always of what ever irregular Figures 
the parts appear d of . they were always greets and feenfd to be either 
tome Vegetable 5 or to have feme vegetating principle. 



Obferv. XXII. Of common Sponges, and feveral other Spongie 
fibrous bodies , 

A Sponge is commonly reckon’d among the Zoophyts, or Plant Ani- 
mals ^ and the texture of it, which the Mkrofcope diftovers, feemsto 

£ A V-'t 3 f °- m wh S! eo{l never obferv’d any other Ve«e- 
table and mdeed,tt feems impolfible that any fhould be of it for ft con 

fmall ffiort fibref or nervous pam, much Of 
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added, in the third Figure of the I X. scheme, of a piece of it, which von 
may perceive reprefents a confus’d heap of the fibrous parts curioufly 
jointed and implicated. The joints are^ for the moft part ? where three 
fibres onely meet, for I have very feldom met with any that had four* 

Atthefe joints there is no one of the three that feems to be theftoek 
whereon the other grow, but each of the fibres are, for the moft part, of 
an equal bignefs, and feem each of them to have an equal ftiare in the 
joints the fibres are all of them much about the fame bignefs, notfmaller 
towards the top of the Sponge, and bigger neerer the bottom or root, as 
is ufoall in Plants, the length of each between the joints, is very irregu- 
lar and different ; the diftance between fome two joints, being tenor 
twelve times more then between fome others. 

Nor are the joints regular, and of an equitriagonal Figures but, for the 
moft part, the three fibres fo meet, that they compofe three angles very 
differing all of them from one another. 

Themefheslikewife, and holes of this reticulated body, are not left 
various and irregular : fome bilateral , others trilateral^ and quadrilateral 
Figures , nay, 1 have obferv’d fome mefhes to have 5, 6, 7, 8, or 9, fidcy, 
and fome to have onely one, fo exceeding various is the Lujhs Nature in 
this body. 

As to the outward appearance of this Vegetative body, they arcfo 
ufoall every where, that I need not defcribe them, confuting of a foft 
and porous fobftance, reprefenting a Lock, fometimes a fleece of Wooll 5 
but it has befides thefe fmall microfeopical pores which lie between the 
fibres , a multitude of round pores or holes, which, from the top of it, 
pierce into the body, and fometimes go quite through to the bottom. 

I have obferv’d many of thefe Sponges, to have included likewile in 
the midft of their fibrous contextures, pretty large friable ftones, which 
muff either have been inclos’d whil'ft this Vegetable was in formation, or 
generated in thofe places after it was perfectly fhap’d. The later of which 
feems the more improbable, becaufe I did not find that any of thefe ftony 
fubftances were perforated with the fibres of the Sponge. 

I have never feen nor been enform'd of the true manner of the grow- 
ing of Sponges on the Rockjwhether they are found to increafe from little 
to great, like Vegetables, that is, part after part, or like Animals, all parts 
equally growing together; or whether they be matrices or feed-baggsof 
any kind of Fifties, or fome kind of watry Infcft ; or whether they are at 
any times more foft and tender, or of another nature and texture, which 
things, if I knew, I fhouid much defire to be informed of: but from a 
curfory view that I at firft made with my Microfcope, and fome other 
trials.! fuppofed it to be fome Animal fubftancecaft out, andfaftned up- 
on the Rocks in the form of a froth, or congeries of bubbles, like that 
which I have often obferv’d on Rdemary, and other Plants (wherein 
is included a little Infeft) that all the little films which divide thefe 
bubbles one from another, did prefently,almoft after the fubftance began 
to grow a little harder,break,and leave onely the thread behind, which 
might be, as'twere, the angle or thread between the bubbles, that the 
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great holes or pores obfervable in thefe Sponges were made by the erii 5 - 
ption of the included Heterogeneous fubftance (whether air, or feme 
other body, for many other fluid bodies will do the lame thing) which 
breaking out of the Idler, were colle&ed into very large bubbles, and 
fo might make their way out of the Sponge, and in their paflage might 
leave a round cavity ; and if it were large, might carry' up with it the ad- 
jacent bubbles, which may be perceiv’d at the outfide of the Sponge, if 
it be firft throughly wetted, and fuffer’d to plump it fe.lf into its natural 
form, or be then wrung dry, and fuffer’d to expand it lelf again, which it 
will freely do whirftmoift: for when it has thus plump'd it felfinto its 
naturalfbapeand dimenfions, ’tis obvious enough that the mouths of the 
larger holes have a kind of lip or riling round about them, but the other 
fmalier pores have little or none. It may further be found, that each of 
thefe great pores has many other fmall pores below, that are united unto 
it, and help to conftitute it, aJmoft: like fo many rivulets or finall fbreams 
that contribute to the maintenance of a large River. Nor from this 
Hypothecs would it have been difficult to'explicate, how thofe little 
branches of Coral, fmal Stones , shells , and the like, come to be included 
by thefe frothy bodies : But this inded was but a conjecture ; and upon 
a more accurate enquiry into the form of it with the Microfcope , it feems 
not to be the true origine of them 5 for whereas Sponges have onely 
three arms which join together at each knot, if they had been generated 
from bubbles they muft have had four. 

But that they are Animal Subftances, the Chymical examination of 
them feems to manifeft, they affording a volatil Salt and fpirit,like Harts- 
Horn, as docs alio their great ftrength and toughnefs, and their fmell 
when burn d in the Fire or a Candle, which has a kihl of flelhy fentmot 
much unlike to hair. And having fince examin’d feverai Authors con- 
cerning them, among others^ find this account given by Bellonim, in the 
X 1 . Chap, of his 2 4 Book, De Aquatilibus, Spongi£ reccntes , lays he, a fleets 
tonge diverfiefiopnlis aqua marine ad duos vel tres cubit os ,/icnnunquam qua- 
tusr tantum digitos immerfis , ut fungi arboribus adherent, fordido quodani 
jucco aut muepfapotius Janie refiertafijque adebfatida.ut vel eminmlaufeam 
excitet. contmetur autem its cavernis , quas inants in fiats & lotis Sponeiis 
cermmm: Vutrts pulmonis rnodo nigra; confficiuntur, verum qu£ in fublimi 
aqm nafeuntur multo magis opaca nigredine ffiffiufiefum. Viverequidem 
Spongtas adUrendo Anftoteles cenfit : abfolute vero minime : fenfumque 
ahquem habere vel ee argument (inquit) credantur. quod diffitilljmeab- 

tt T f * iTt? ^avuljoris acceffim ita contraband . 

ut eas evel/ere difficile fit, quod idem etiamfacumt Lfies flatus temped/- 
tifque urgent. Puto autem tilts fitcmmjordidum quern ffipra[diximJ car - 
ms loco a natura attnbntum fuiffi ; atque meatibus latioribus tan a 
quam mteflmis aut internets mi. C<eterum pars ea qme sponoiee cajibus 
adherent efltanquam fold petiolusj quo velutt collnl quodlmJactiZ 
quod demde m latitudmem difiiifhm capitis olobum facit JL, / 

»> 1 eft fijhtlojum, hffitantque tanquamradicibus, Superne omnes Probemo- 
dnm meat* concreti latent ; mferl ver> quaterm auf ^Zt^qZ 

^ eas 
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easfugere exifiimamus. From which Defcription, they feem to be a kind 
of Plant-Animal that adheres to a Rock, and thefe finall fibres or threads 
which we have defcribed, feem to have been the Veflels which (’tis very 
probable) were very much bigger whifft the Interfihia were fill’d (as 
he affirms) with a mucous,puIpy or fleffiy fubftance , but upon the drying 
were fhrunk into the bignefs they now appear. 

The texture of it is fuch, that I have not yet met with any other body 
in the world that has the like, but onely one of a larger fort of Sponge 
(which is preferv’d in the Mufeum Harveanum belonging to the moft 
Uluftrious and moft: learned Society of the Vhyficiansoi London) which is 
of a homey, or rather of a petrify d fubftance. And of this indeed, the 
texture and make is exa&ly the fame with common Sponges, but onely 
that both the holes and the fibres , or texture of it is exceedingly much 
bigger, for feme of the holes were above an Inch and half over, and the 
fibres and texture of it was bigg enough to be diftinguifhe-d eafily with 
ones eye, but confptcuoufly with an ordinary Angle Mirofcope. And thefe 
indeed, feemd to have been the habitation of fome Animal } and ex- 
amining atrifiotle, I find a very confonant account hereunto, namely, that 
he had known a certain little Animal, call’d Tinmthera , like a Spider, to 
be bred in thofe caverns of a Sponge, from within which, by opening and 
doling thofe holes, he infnares and catches the little Fifties ^ and in ano- 
ther place he fays, That’tisvery confidently reported, that there are cer- 
tain Moths or Worms that refide in the cavities of a Sponge,and are there 
nourifted : Notwithftanding all which Hiftories,I think it well worth the 
enquiring into the Hiftory and nature of a Sponge, it fceming to promife 
fome information of the Veflels in Animal fubftances, which (by reafon 
of thefolidityof theinterferted flefh that is not eafily remov’d without 
deftroying alfo thofe integers d Veflels ) are hitherto undffover’d j 
whereas here in a Sponge,the Farenchyntayx fecms,is but a kind of mucous 
gelly, which is very eafily and cleerly wafli’d away. 

The reafon that makes me imagine, that there may probably be fome 
fuch texture in Animal fubftances, is, that examining the texture of the 
filaments of tann’d Leather, 1 find it to be much of the fame nature and 
ftrengthof a Sponge; and with my Micrefcope i I haveobferv d many fuch 
joints and knobs, as I have defcribed in Sponges, the fibres alfo in the hol- 
low of feveral forts of Bones, after the Marrow has been remov d, I have 
found fomewhat torefemble this texture, though, I confefs, I neveryet 
found any texture exaftly the fame, nor any for cunofity comparable 

t0 The filaments of it are much fmaller then thofe of Silk, and through 
the Mtcrofiope appear very neer as tranfparent, nay, fome parts of them 

Ih H a ^x? ra iratiroftveral kinds of Muftroms, I finde .heir texture 
Of this kind, that is, toconfift 

fmall filaments, every way contex d and w ^"'“ ge ^ ’ 0 f Touch-wood 
kind of cloth, and more particularly, examining. P _ _ a 

(which is a kind oijem-ear, or Muftnom, growing Qn ’ 
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on feveral forts of Trees, fuch as Elders, Maples, Willows,^, and is 
commonly call’d by the name of Spunk. i but that we meet with to bd 
fold in Shops, is brought from beyond Seas) I found it to be made of an 
exceeding delicate texture: For the fubftance of it feels, and looks 
the naked eye, and may be ftretch’d any way, exactly dike a very fine piece 
of Chamois Leather, or wafli’d Leather s but it isof fomewhat a browner 
hew, and nothing neer fo ftrong i but examining it with my Microjcope , 

I found it of fomewhat another make then any kind of Leather 5 tor 
whurcas both chamois ^ and sill other kinds of Leather I have yet view $ 
confift of an infinite company of filaments-, fomewhat like bnihcs intei-> 
woven one within another, that is, of bigger parts or Items, as it were, and 
fmaller branchings that grow out of them ; or like a heap of Ropes ends, 
where each of the larger Ropes by degrees feem to Iplit 01* untwift, into 
many lmaller Cords, and each of thole Cords into finaller Lines, and 
thofe Lines into Threads, and thefe ftrangely intangled, or inter- 
woven one within another r The texture of this Touch-wood feems 
more like that of a Lock or a Fleece of Wool, for it confifts of _an infinite 
number of fmall filaments, all of them,asfarr as I could perceive, of the 
fame bigtiefs like thofe of a Sponge, but that the fildmints of this were 
not a twentieth part of the bignefs of thofe of a Sponge $ and I could not 
fo plainly perceivetheir joints, or rheir manner of interweaving, though, 
as fart as I was able to difeern with that Murofeope I had, I fuppofeitto 
have fome kind of refemblance, but the joints are nothing neer fo thick, 
nor without much trouble vifible. 

The filaments I could plainly enough perceive to be even,round 3 cylin- 
dricaljtranfparent bodies, and to crofs each other every way, that is, there 
were not more feem’d to lie horizontally then perpendicularly and thwart ■» 
way, fo that it is fomewhat difficult to conceive how they fliould grow 
in that manner- By tearing off a fmall piece of it, and looking on the 
ragged edge, I could among feveral of thofe fibres perceive fmall joints, 
that is, one of thofe hairs fplit into two, each of the fame bignefs with the 
other out of which they feem’d to grow, but having not lately had an 
opportunity of examining their manner of growth, I cannot pofitively af- 
firm any thing of them. 

But to proceed, The fwelling of Sponges upon Wetting, and the rifing 
of the Water in it above the furface of the Water that it touches, are 
both from the fame caufe, of which an account is already given in the 
fixthObfervation. 

The fubftance of them indeed, has fo many excellent properties, fcatce 
to be met within any other body in the world, that I have often won- 
dered that to little ufe is made of it, and thofe onely vile and fordid s 

venienefe ” ^ con ^ er ’di « would afford touch greater con- 

vJwf Ufc r h5< ? t ! ie Divcrs are faid to make of it , feetos, if true, 
very ftrange, but having made trial of it my felfi by dipping a fmall piece 

tin Ve V ° 0 ^ putting it ia ni y Luthid then E 
g y mouth and nofe under water,! could not find liny inch thing 5 for i 
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was as foon out of breath, as if I had had no Sponge, nor could I fetch mv 
breath without taking in water at my mouth 5 but I am very apt to 
think, that were there a contrivance whereby the expir’d air might be 
forc’d to pafs through a wet or oyly Sponge before it were again infpir’d 
it might much cleanfe, and (train away from the Air divers fuliginous 
and other noifome fleams, and the dipping of it in certain liquors might 
perhaps, fo renew that property in the Air which it lofes in the Lungs by 
being breath’d, that one fquare foot of Air might laft a man for refpi rati- 
on much longer, perhaps,then ten will now lerve him of common Air. 



Obferv. 3CXIII. Of the curious texture cf Sea-weeds. 

F Or curiofity and beauty, I have not among all the Plants or Vege- 
tables I have yet obferv’d,feen any one comparable to this Sea-Weed 
1 have here deferib’d, of which I am able to lay very little more then what 
is reprefented by the fecond Figure of the ninth Scheme : Namely, that 
it is a Plant which grows upon the Rocks under the water, and increafes 
and fpreads it felf into a great tuft, which is not onely handfomely 
branch’d into feveralkaves, but the whole furface of the Plant is cover'd 
over with amoft curious kind of carv’d work, which confifts of a tex- 
ture much refembling a Honey-comb , for the whole furface on both fides 
is cover’d over with a multitude of very fmall holes, being no bigger then 
To many holes made with the point of a fmall Pinn, and rang’d in the 
neateft and moft delicate order imaginable, they being plac’d in the man- 
ner of a Quincunx, or very much like the rows of the eyes of a Fly, the 
rows or orders being very regular, which way foever they are obleiv’d : 
what the texture was, as it appear’d through a pretty bigg Magnifying 
Microfcope, I have here adjoin’d in the firfl Figure of the 14. Scheme , 
which round Area A B CD reprelents a part of the furface about one 
eighth part of an Inch in Diameter : Thole little holes, which to the eye 
look’d round, like fo many little fpots, .here appear'd very regularly 
lhap'd holes,- reprclenting almoft the lhape of the foie of a round toed 
flioe, the hinder part of which, is, as it were, trod on or cover'd by the 
toe of that next below it^thele holes feem’d wall’d about with a very thin 
and tranlparent fobftance, looking of a pale ftraw-colour } from the edge 
of which, againft the middle of each hole, were iprouted out four Imall 
tranlparent ftraw-colour’d Thorns, which leem’d to protect and cover 
thole cavities, from either fide two; neer the root of this Plant, were 
fprouted put feveral fmall branches of a kind ofbaftard Coralline, curi* 
oufly branch’d, though Imall. 

And to confirm this, having lately the opportunity of viewing the 
large Plant (if I may To call it) of a Sponge petrify d, of. which I made 
mention in the lafl Qblcrvation, £ found, that each of the Branches or 
Figures of it s did, by the range pfi its pores, exhibit juft iuch.a texture, 
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the rows of pores crofling one another, much after the manner as the 
SJo which are del crib’dinthe Scheme: Coralline alio, and 
ievenl forts of white Coral, I have with a AUcrofcope obferv d very cu- 
SSy (hapU And I doubt not, but that he that fliall obferve thefc 
feveral kinds of PJants that grow upon Rocks, which the Sea W- 
times overflows, and thofe heaps of others which are vomited out of it up- 
on the fhore, may find multitudes of little Plants, and other bodies, which 
like this will afford very beautifull objects for the Murofiopc ; and this 
Specimen here is adjoin’d onely to excite their cunofines who have op- 
portunity of obferving to examine and colleft what they find worthy 
their notice; for the Sea, among terreflrial bodies, is alfo a prohjicf 
mother, and affords as many Inftances of ftontanems generations as ei- 
ther the Air or Earth. 



Obferv, XXIV. Of the furfaces ofRofcmary, and other leaves . 

'-I" His which is delineated within the circle of the fecond Figure of the 
J 14. Scheme, is a final] part of the back or under fide of a leaf of 
Rolemary, which I did not therefore make choice of, becaufe irhad any 
thing peculiar which was not obfervabie with zMicrofcope in .feveral 
other Plants, but becaufe it exhibits at one view, 

Firft, a fmooth and Ihining furface, namely, A B, which is a part of the 
upper fide of the leaf that by a kind of hem or doubling of the leaf ap- 
pears on this fide. There are multitudes of leaves, whofe furfaces are 
like this fmooth, and as it were quilted, which look like a curious quilted 
baggof green Silk, or like a Bladder, or fbme fuck pliable tranlparent 
fiibftance, foil fluffed out with a green juice or liquor; the furface of 
Rue, or Herbgrafs, is poiifh’d, and all over indented, or pitted, like the 
Silk-worms Egg, which IfhalUnondefcribe;the fmooth furfacesof other 
Plants are otherwife quilted, Nature in this, as it were, expreffing her 
Needle-work, or imbroidery. 

Next a downy or bufhy furface, fuch as is all the under fide aimoft 
appearing through the Microfccpe miich like a thicket of bullies, and with 
this kind of Down or Hair the leaves and ftalks of multitudes of Vege- 
tables are covered ; and there feems to be as great a variety in the fhape 
bulk, and manner of the growing of thefe fecundary Plants, as! may call 
them (they being, as it were, a Plant growing out of a Plant, or fome- 
whac like the hairs of Animals) as there is to be found amongft fmall 
fhrubs that compofe bufhes ; but for the moft part, they confift of fmall 
transparent parts, feme of which grow in the fhape of fmall Needles or 
codkins,as on the TbiffIe,Cowag-ecod and Nettle ; others intheformof 
Cat scWas m Cliders, the beards of Barley, the edges of feveral forts 
wSf , Re f d %f ln Coltsfoot, R°re-canipi°r, 3 Aps, Poplar, 

'vf, OI j <T do ® n ) r they grow in the form of 

ufhes very much diveriifydrneach particular Plant. That which I have 

before 
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the rows of pores crofling one another, much after the manner as thq 
rows of eyes do which are deicrib’d in the 0.6. Scheme : Coralline alio, and 
feveral forts of white Coral, I have with a Mkrofcope obferv’d very cu- 
rioufly fliap’d. And I doubt not, but that he that dial I obferve thefc 
feveral kinds of Plants that grow upon Rocks, which the Sea fome- 
times overflows, and thofe heaps of others which are vomited out of it up- 
on the fliore, may find multitudes of little Plants, and other bodies, which 
like this will afford very beautiful! objects for the Mkrofcope , and this 
Specimen here is adjoin’d onely to excite their curiofities who have op- 
portunity of obferving to examine and colleft what they find worthy 
their notice; for the Sea, among terreftml bodies, isalfo a prolific \ 
mother, and affords as many Pittances of fontaneom generations as ei- 
ther the Air or Earth. 



Obferv. XXIV. Of the furfttces <?fRo(cmary } and other leaves, 

T His which is delineated within the circle of the fecond Figure of the 
14. Scheme , is a fmall part of the back or under fide of a leaf of 
Rofemary, which I did not therefore make choice of, becaufe it had any 
thing peculiar which was not obfervable with a . Microfopc in, feveral 
other Plants, but becaufe it exhibits at one view, 

Firft, a fmootli and fhining furface, namely, A B, which is a part of the 
upper fide of the leaf that by a kind of hem or doubling of the leaf ap- 
pears on this fide. There are multitudes of leaves, whole furfaces are 
like this fmootb, and as it were quilted, which look like a curious quilted 
bagg of green Silk, or like a Bladder, or feme fuch pliable tranfparent 
fubflance, full fluffed out with a green, juice or liquor; the furface of 
Rue, or Herbgrals, is polifh’d, and all over indented, or pitted, like the 
Silk-worms Egg, which Ifhall anondeferibe ; thefmooth furfaces of other 
Plants are otherwife quilted, Nature in this, as it were, expreffing her 
Needle-work, or imbroidery. 

Next a downy or -butty, furfece, fuch as is all the under fide almoft 
appearing through the Mkrofcope much like a thicket of bufhes, and with 
this kind of Down or Hair the leaves and fhlks of multitudes of Vege- 
tables are covered; and there feems to be as great a variety in the.fhape, 
bulk, and manner of the growing of thefe fecundary Plants, as I may ill 
them (they being, as it were, a Plant growing out.of a Plant, or fome- 
what like the hairs of Animals) as there is to be found amoneft fmall 
fhrubs that compofe bulhes , but for the moft part, they confift of fmall 
tranfparent parts, fome of which grow in the fbape of fmall Needlesor 
Bodkins, as on the ThiftlejCowag-ecod and Nettle; others in the form of 
Cat s claws,as m Chders. • the beards of Barley, the edges of feveral forts 

t, v ,n, W,an ^ ? downy Plants, they grow in the form of 

ulhes- veiy touch diveritfy’din each paiticular P lant. That which I have 

before 
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before m the 19. Obfervation noted on Rofe-leaves, is of a quite differ- 
mg kind, and feems indeed a real Vegetable, diftind from the lea£ 
Thirdly, among thefe fmall bufhesare obfervable an infinite company 
offmall round Balls, cxaftly Globular, and very much refembling Pearls 
namely, CCCC, of thefe there may be multitudes obferv’d in Sage’ 
and fever a 1 other Plants, which I fuppofe was the reafcn why Athanajm 
Kircher fuppofed them to be all cover’d with Spiders Eggs, or young 
Spiders, which indeed is nothing elfe but fome kind of gummous exfu- 
dation, which is always much of the fame bignefs. At firft fight of thefe, I 
confefs, I imagin’d that they might have been fome kind of matrices fox 
nouriftiing receptacles for tome final! Infed, juft as I have found Oak* 
apples, and multitudes of luch other large excrefcencies on the leaves 
and other parts of Trees and fbrubs to be forFlyes, and divers other In- 
fers, but obferving them to be there all the year, and fcarce at all to 
change their magnitude, that conjedure feem’d not fb probable. But 
whatever be the ufe of it, it affords a very plea (ant objed through the 
M icrojcope, and may, perhaps, upon further examination, prove very 
luciferous. 



Obfcrv, XX V. Of the flinging pints and juice Nettles, and 
fome ether venomous Plants, 

A Nettle is a Plant fb well known to every one, as to what the appear- 
ance ofit is to the naked eye, that it needs no defcription;and there 
are very few that have not felt as well as feen it 5 and therefore it will be 
no news to tell that a gentle and flight touch of the fkin by a Nettle, does 
oftentime, not onely create very fenfible and acute pain, much like that 
of a burn or fcald,but often alfo very angry and hard fwellings andinfla- 
mations of the parts, fuch as will prefently rife, and continue fwoln di- 
vers hours. Thefe obfervations, I fay, are common enough 5 but how the 
pain is fo fuddenly created, and by what means continued, augmented 
for a time, and afterwards diminifffd, and at length quite exftinguifh’d, 
has not, that I know, been explain’d by any. 

And here we muft have recourfe to our Microfcope , and that will, if 
almoft any part of the Plant be looked on, fhew us the whole furface of 
it very thick fet with turn-Pikes, orfharp Needles, of the (hapeofthofe 
reprefented in the 1 5. Scheme and firft Figure by A B, which are vifibJe 
alfo to the naked eye 3 each of which confiftsof two parts very: diftmct 
for fhape.and differing alfo in quality from one another For the part_ A, 
is fhaped very much like around Bodkin/rom B tapering till it endm a 
very (harp point 5, it is of a fubftanee very hard and ftiff, exceedingly 
tranfparent and cleer, and, as I by many trials certainly found, is hollow 

from top to bottom. ■ ' ‘v ■> ; 

Thislfoundby this Experiment, I had a very coavement Mure- 
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f rnU w j t h a fingle Glafs which drew about half an Inch, this I had fnftned 
Vo\ h tie frame, almoft like a pair of Spetfacles, which I placed before 
nfne eyes, and fo holding the leaf of a Nettle at a convenient diftance 
from my eye, I did firft,with the thralling of feveral of thefe bnftles into 
mv fkin perceive that prefently after I had thruft them in I felt the burn- 
■ in l pain begin $ next I obfervd in divers of them, that upon thrulfang 
mv finger againft their tops, the Bodkin (if I may fo call it) did not in 
the Jeaft bend, but I could perceive moving up and down within it a cer- 
tain liquor, which upon thrufting the Bodkin againft its bafis, or bagg B, 
l cou ]d perceive to rife towards the top, and upon taking away my hand, 

I could fee it again fublide, and fbrink into the bagg 5 this I did very 
often, and faw this Thtnomcnw as plain as I could ever fee a parcel of 
water afcend and defcend ina pipe ofGlafs. But the bafis underneath thefe 
Bodkinson whicii they were faff, were made of a more pliable fubftance, 
and looked aim oft like a little bagg of green Leather, or rather refem- 
bled the fbape and furface of a wilde Cucumber, or cummer is a(imm 3 
and I could plainly perceive them to be certain little baggs, bladders, or 
receptacles full of water, or as I ghefs, the liquor of the Plant, which was 
poifonous, and thofe fraall Bodkins were but the Syringe-pipes, or Gly- 
fter-pipes, which firft made w’ay into the fkin, and then ferved to convey 
that poifonous juice, upon the prefling of thofe little baggs, into the in- 
terior and fenfible parts of the fkin, which being fo difeharg’d, does cor- 
rode, or, as it were, burn that part of the fkin it touches 5 and this pain 
will fomettmes laft very long, according as the impreffion is made deeper 
or ftronger. 

The other parts of the leaf or furface of the Nettle, have very little 
confiderable, but what is common to moft of thefe kinds of Plants, as the 
ruggednefs or indenting, and hairinefs, and other roughnefles of the fur- 
face or out-fid e of the Plant, of which 1 may fay more in another place. 

As f (hall likewife qf certain little pretty cleer Balls or Apples which I 
have obferved to ftick to the fides of thefe leaves, both on the upper and 
under fide, very much like the fmall Apples which I have often obferv'd 
to grow on the leaves of an Oak call’d Oal^apples which are nothing but 
the Matrices of an Infeft, as I elfewhere fliew. 

The chief thing therefore is, how this Plant comes, by fo flight a touch, 
to create fo great a paiqjand the reafon of this feems to be nothing elfe,but 
the corrofive penetrant liquor contain’d in the fmail baggs or bladders, 
upon which grow out thofe (harp Syringe-pipes, as I before noted 5 and 
very confonant to this, is the reafon of the pain created by the fling of a 
Bee, Wafp, &c, as I elfewhere fhew : For by the Dart, which is likewife a 
pipe, is made a deep paflage into the fkin, and then by the anger of the 
Fiy, is his gaily poifonous liquor in jetted 5 which being admitted among; 
the fenfible parts, and fo mix’d with the humours or fiagnatrng juices of 
that part, does create an Ebullition perhaps, or effervefeens ,as isufually 
obfervd in the mingling of two differing chymical Mine liquors, by 

r“T" ! ‘ he P rweir<1 > hard, and very painfull; fti 

thereby the nervous and fenfible parts are not onely ftreteh'd and ftrain’d 

beyond 
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confiderable, but what is common tomoft of thefe kinds of Plants, as the 
ruggednefs or indenting, and hairinels, and other roughnefles of the fur- 
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As I (hall likewife of certain little pretty cleer Balls or Apples which I 
have obferved to ftick to the fides of thefe leaves, both on the upper and 
under fide, very much like the fmall Apples which 1 have often obferv’d 
to grow on the leaves of an Oak call'd Oa^apples which are nothing but 
the Matrices of an Infefr, as I elfewhere (hew. 

The chief thing therefore is, how this Plant comes,by (o flight a touch, 
to create fo great a pain;and the reafon of this feeftis to be nothing elfe,but 
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the corrofive penetrant liquor contain'd in the fmall baggs or bladders, 
upon which grow out thofe fharp Syringe-pipes, as I before noted j anti 
very confonant to this, is the reafon of the pain created by the fting of a 
Bee, Wafp, &c. as I elfewhere fhew: For by the Dart, which is likewife a 
pipe, is made a deep paflage into, the fkin, and then by the anger of the 
^ bb 8 a ^y poifonous liquor in jefted ■ which being admitted among 
the fenfible parts, and fo mix'd with the humours or fiagtiatwg juices of 
that part, does create an Ebullition perhaps, or effervefcens, as isufuallv 
obierv d m the mingling of two differing Chymicd (dim liquors, by 
^hich n^ans the parts Become fwdl'd, hard, and very painfull; foV 
thereby the nervous and fenfible parts are not onely flretch’d and ftrain’d 

beyond 
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beyond their natural tone, but are alfo prick’d, perhaps, or corroded bv 
the pungent and incongruous pores of the intruded liquor. 7 

And this feems to be the reafon, why Aqua forth , and other faline li- 
quors, if they come to touch the fenfitive parts, as in a cut of the ikin 
or the like, do fo violently and intollerably excruciate and torment the 
Patient, And us not unlikely, but the Inventors of that Diabolical m--, 
^ 5ce of poifoning the points of Arrows and Ponyards, might recrive 
their hritmnt iromiome Inch Inftance in natural contrivances^ as this of 
the Nettle : for the ground why fuch pojfon’d weapons kill fo’infalliblv 
as they do, feems no other then this of our Nettles flinging for the Pon- 
yard or Dart makes a paflage or entrance into the fenfitive or vital parts 
of the body,. whereby the contagious fubftance comes to be diflolv’d by 
and mix’d with the fluid parts or humours of the body, and by that means 
fpreads it felf by degrees into the whole liquid part of the body, in the 
fame manner, as a few grains of Salt ,put into a great quantity of Water 
will by degrees diffufe it felf over the whole. 

And this I take to be the reafon of killing of Toads, Frogs, Effs, and 
feveral Fifhes, by Are wing Salt on their backs (which Experiment was 
Ihewn to the Royal Society by a very ingenious Gentleman, and a worthy 
Member of it) for thofe creatures having always a continual exfiidation, 
as it were,offlimy and watry parts, fweating outof the pores of their fkin, 
th t faline particles, by that means obtain a vchk /e.which conveys them in- 
to the internal and vital parts of the body. 

This feems alfo to be the reason why bathing in Mineral waters are 
luch foveraign remedies for multitudes ofdiftempers,elpecialIy chronical} 
for the liquid 8c warm vehicles of the Mineral par tides, which are known 
to be in very confiderable quantities in thofe healing baths, by the body’s 
long flay in them, do by degrees fteep and infinuate themfelves into the 
pores and parts of the fkirgand thereby thofe Mineral particles have their 
ways and paflages open’d to penetrate into the inner parts, and mingle 
themfelves with the fiagnant juices of the feveral parts , befides,many of 
thofe offenfive parts which were united with thofe fiagnant juices, and 
which were contrary to the natural conftitution of the parts, and fo be- 
come irkfbme and painfull to the body ,but could not be difeharged,be- 
caufe Nature had made no provifion for fuch accidental mifehiefs, are, by 
means of this foaking,and filling the pores of the lkin with a liquor, af- 
forded a paflage through that liquor that fills the pores into the am- 
bient fluid, and thereby the body comes to be difeharged. 

So that ’tis very evident, there may be a good as well as an evil applica- 
tion of this Principle. And the ingenious Invention of that Excellent 
per Ion, Doftor Wren, of injecting liquors into the veins of an Animal, 
feems to be reducible to this head : I cannot flay, nor is this a fit place, to 
mention the feveral Experiments made of this kind by the moft incom- 
parable Mr. Boyle, the multitudes made by the lately mention’d rhyfiian 
Do&or Clark, the Hiflory whereof, as he has been pleas’d to commu- 
nicate to the Royal Society , fo he may perhaps be prevail’d with to make 
publiquehimfelf: But Ifhall rather hint, that certainly, if this Principle 

were 
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were well confider d, there might, befides the further improving of Bath- 
ed Syringing into the veins, be thought on feveral ways, whereby 
feveral obftinate diftempers of a humane body, fuch as the Gout,Droplic, 
|one!W. might bemafter d, andexpeil’d} and good men mtght make 
l Toad a ufe of it, as evil men have made a perverfe and OMical. . 

And that the filling of the pores of the fkin with feme fluid Me, * 
of no fmall efficacy towards the preparing a paflage for feveral kinds of 
penetrant juices, and other diffchibfe bodies, to infinuate themfelves 
within the fkin, and into the fenfitive parts of the body, may be, I think, 
prov’d by an Infiance given us by Bellomm, in die 26. chapter of the 
fecond Book of his Obfervations , which containing a very remarkable 
Story I have here tranferib’d : CUm Cham£lecnis nigh radices (fays he) 
apud Pagum qmndam Livadochorio nunenpaium erui cur ar emus , plurimi 
Cuci & Turov fyeftatnm vemrunt quid enter emus, eas vero fiufiulatimfi- 
cabamus ,& filo trajiaebamus ntfacilm exficcah poffint. Turcte in eo ne- 
gbtio ocaipatos nos videntes , jimiliter eas radices ira&are & ficare volue- 
runt: at cum fimmus cjjet sfim, & emnes fudore maderent , quicunque 
earn radicem mambas tra&averant fidoremqne abfierferant s aut faciem di - 
gitis fialpferant , tantampruriginem iis lobs quos attigerant pofieafinfirunt, 
nt aduri viderentur „ Chamceleonis enim nigh radix ea virtute pallet , ut cn± 
ti applicata ipfam adeo infiammet , ut me fquilla , nec urticat ulldi centeftmd 
parte it a adurent: At prurigo non adeo celeriter fife prodit, Pofi unamantal * 
ter am porro koratn, (inguli variis faciei lobs cutem adeo inf animat am ha- 
bere aepinms ut tota fanguinea videretnr , atque quo magis earn confricaba- 
musfanto magis excitabatur prurigo. Fonti ajjidebamus fitb platano,atque ini- 
tio pro Uidicro habebamm ridebamm : at tandem illi plurimnm indignati 
fin}, & nifi affeverajjenivf nunquam expert os tali virtute camplantampollere$ 
baud dubie male nos muhafient. Attamen nofir a exatfatio fnit ab iltjs facili- 
m accepta,r.um eodeni incommodo nos affeSos conjpicerent. Mirum fane quod 
in tantiUo radice tam ingentem ejficuciam nofiro mala experts fumus . 

By which obfervation ofhis.it feems manifeft,that their being all cover’d 
with fweat who gather’d and cut this root of the black chameleon Thiflle, 
vvas the great reafon why they fuffer’d that inconvenience, for it feems the 
like circumftance had not been before that noted, nor do I find any men- 
tion offoch a property belonging to this Vegetable in any of the Her- 
bals I have at prefent by me. 

I could give very many Obfervatioiis which I have made of this kind 
whereby I have found that the beft way to get a body to be infinuated 
into the fubftance or infenfible pores of another, is firft, to find a fluid 
vehicle that has fome coflgru«y,both to the body to be infinuated, and to 
t] fi body into whofe pores you would have' the other convey’d. And in 
this Principle liesthe great myftery of Training feveral forts of bodies as 
Marble, Woods, Bones, €?”£■. and ofDying Silks, Cloaths, Wools, Fea- 
thers, &c. But thefe being digreflions, I fhall proceed to : 

Obferv. XXV I. OfComgejncttbe itching operation offimekdie^, 

J^Here is a certain Down of a Plant,brought from the Eafi-indies,cilYd 
commonly, though very improperly, Cow-itch, the reafon of which 

X miftake 
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miftake is manifeft enough from the ddcription ofit, which Mr. Varkjnfin 
fetsdownin his Herbal, Tribe XL Chap. 2. Phafiohtsfiliqua hirfuta 5 The 
hairy Kidney-bean, called in Zurratte where it grows, Couhage : We have had 
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(fays he) another of this kind brought m out of the Eaft-Indies, which being 
planted, was in Jhew like the former, but came not to perfe&ion, the unkindly 
fieafion not Juffering it to Jfsew the fiower j but of the Cods that were brought , 

allow fh/iwi-ew si YftimA&w-ilw'vs fn& hi-wrl * nf Apj* r _ L 



fame were jmaller,Jhorter, and rounder then the Garden kind •, others much 
longer, and many growing together , as it were in clujlers,<and cover'd all over 
with a brown jhort kairinefi,fio fine, that if any of it be rubb’d, or fall on the 
bach^ of ones hand, or other tender parts of the skin, it will caufe a kind of 
itching, but notftrong,nor long induring, but paffing quickly away, without 
either danger or harm j the Beans were fmaller then ordinary , and of a black, 
Jkining colour. 

Having one of thefe Cods given me by a Sea-Captain, who had fre- 
quented thole parts, I found it to be a fmall Cod, about three Inches 
long, much like a Ihort Cod of French Beans, which had fix Beans in it, 
the whole fur face of it was cover’d over with a very thick and fhining 
brown Down or Hair, which was very fine, and for its bignels ftiff j 
taking fome of this Dowd, and rubbing it on the back of my hand,! 
found very little or no trouble, only 1 was fenfible that feveral of thefe 
little downy parts with rubbing did penetrate, and were funk, or (hack 
pretty deep into my Ikin. After I had thus rubb’d it for a pretty while, 

I felt very little or no pain, in fo much that I doubted, whether it were 
the true Couhage j but whil’ft I wasconfidering, I found the Down begin 
to make my hand itch, and in fome places to fmart again, much like the 
flinging of a Flea or Gnat, and this continued a pretty while, fo that by 
degrees I found my fkin to be fwell’d with little red puftules, and to 
look as if it had been itchie. But fuffering it without rubbing or feratch- 

ing, the itching tickling pain quickly grew languid, and within an hour 
I felt nothing at all, and the little protuberances were vanhh'd. 

The caufe of which odd Phenomenon, I fuppofe to be much the fame 
with that of the flinging of a Nettle, for by the Microfiope , I difeover’d 
this Down to confift of a multitude of foiall and Gender conical bodies, 
much refembling Needles or Bodkins, fuch as are reprefented by AB. 
CD. EF. of the firft Figure of the XVI. Scheme 5 that their ends AAA, 
were very (harp, and the fubftance of them ftiff and hard, much like the 
fubftance of feveral kinds of Thoms and crooks growing on Trees. And 
though they appear'd very elcer and tranfparentj yet I could not per- 
ceive whether they were hollow or not, but to me they appear d 
like folid tranfparent bodies, without any cavity in them * whether, 
though they might not be a kind of Cane, fill d with fome tranfpa- 
rent liquor which was hardned (becaufe the Cod which I had was very 

dry) I was not able to examine. ' p # , *1 

Now, being fuch ftiff, iharp bodies, it is eafie to conceive how with 
rubbing they might eafilybethruftinto the tender parts of the skin, and 
there, l>Y reafon of their exceeding finenefs and dnjefi, not create am- 

confiderabie trouble or pain, till by remaining in thpfe places moiftned 
with the humours of the body, fome caufhekpart flicking on them, or 
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, t . 1 mm rnht be diflblv d and mix’d with the ambient juices 

refidingwithuuhtm mjh^b ^ ^ parts adjoymngbe- 

of that place, an “ 5 cor / 0 ded by it; whence, while that aft - 

cornea fleck , an afe pretty (harp and pungent, though fma , 

° hS the ***** I’tcpny Of a.. W„c Go Fliej . 

That the pain .-.lib caufed b the ltogj^ot , , £lfewh ere 

Wafp,and the Skavour to manifl-it. Tile ftiligwg alfooflhied 
SSTSL&tinaent is often tew'd between the iheets ofa Bed* 
feems to proceed from the lame caule, 

Obforv X X V 1 1. Of the Beard of a wildt Oat, and the ufe that 
maybe made of it for exhibiting always to the Eye the temperature 
of the Air , as todrinefi and moiflure * 

-pHis Beard of a wild Oat, is a body of a very curious ftmfture, though 
1 to the naked Eye it appears very flight, and mconfiderable, it bqmg 
onlv a fmall black or brown Beard or Briftle = which growls out of the fide 
of the inner Husk that covers the Grain of a wild O^^the whole length of 
ir when put in Water, fo that it may extend it Bf to its full length,isnot 
above an Inch and a half,andfor the moft part fomevvhat fhorter but when 
the Grain is ripe, and very dry, which is ufualy in the Moneths of July$ 
and this Beard is bent fomewhat below the middle, namely, about 

* from the bottom of it, almofl to a right Angle, and the under part of 
it is wreath’d lik a With i the fubftance of it is very brittle when dry, and 
it will very eafily be broken from the husk on which it grows. 

If you take one of thefe Grains, and wet the Beard in Water,you will 
presently fee the imall bended top to turn and move round, as if it were 
fcnfible/and by degrees, if it be continued wet enough, the joint or knee 
will ftreighten it felf; and if it be fufferd to dry again, it will by degrees 
move round another way, and at length bend again into its former 

pofture. ... 

If it be view’d with an ordinary fingle Microfiope , it will appear like 
a final l wreath’d Sprig, with two clefts } and if wet as before, and 
then look'd on with this Microfcope, it will appear to unwreath it felf, 
and by degrees, to ftreighten its knee, and the two clefts will become 
ftreight, and almoft on oppofite (kies of the fmall cylindrical body. 

If it be continued to be look'd a little longer with a Microfiope , it 
will within a little while begin to wreath it felf again, and fcon after 
return to its former pofture, bending it felf again neer the middle, into 
a kind of knee or angle. 

Several of thofe bodies I examin’d with larger Microfiopes, and there 
found them much of the make of thofe two long wreath’d cylinders de- 
lineated in the fecond Figure of the 1 5, Scheme, which two cylinders re- 
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prefent the wreathed part broken into two pieces,whereof the end AE i 
to be fuppos’d to have Join’d to the end C D, fo that E A C F does rep/ 
fent the whole wreath'd part of the Beard, and EG a fmall piece of the 
upper part of the Beard which is beyond the knee, which as I had not 
room tolnfert, fo was it not very confiderable, either for its form, or any 
known property; but the under or wreathed part is notable for’ both; 
As to its^fbrm, it appear’d, if it were look’d on fide- ways, almoft like a 
Willow, or a fmall tapering rod o {'Hazel, the lower or bigger half of 
which onely, is twifted round leveral times, in feme three, in others more, 
in others lels, according to the big n els and maturity of the Grain on 
which it grew, and according to the drinefs and moifture of the ambient 
Air, as I (hall fhew more at large by and by. 

The whole outward Superficies of this Cylindrical body is curiouflv 
adorned or fluted with little channels, and interjacent ridges, or little 
protuberances between them, which run the whole length of the Beard 
and are (height where the Beard is not twifred,and wreath’d where it i/ 
juft after the fame manner : each of thofe tides is befet pretty thick with 
fmall Brifles or Thorns, fomewhat in form refembling that of Porcupines 
Quills, fuch as a a a a a in the Figure ; all whofe points are directed like 
fo many Turn-pikes towards the fmall end or top of the Beard, which is 
the reafon, why, if you endeavour to draw the Beard between your fin- 
gers the contrary way, you will find it to ftick, and grate, as it were, 
againft the (kin. 

The proportion of thefe fmall conical bodies a a ana to that whereon 
they grow, the Figure will fofficiently fhew, as alfo their manner of grow- 
ing, their thicknefs, and neernels to each other, as, that towards the root 
or bottom of the Beard, they are more thin, and much (hotter, infomnch 
that there is ufoally left between the top of the one, and the bottom of 
that next above it, more then the length of one of them, and that to- 
wards the top of the Beard they grow more thick and clofe (though 
there, be fewer ridges) fo that the root, and almoft half the upper are 
hid by the tops of thofe next below them. 

I could not perceive any tranjverfi pores, unlefs the whole wreath’d 
part were feparated and cleft, in thofe little channels,by the wreathing in- 
to (b many little firings as there were ridges, which was very difficult to 
determine ; but there were in the wreathed part two very confpicuous 
channels or clefts, which were continued from the bottom F to the el- 
bow E H, or all along the part which was wreath’d, which feem’d to di- 
vide the wreath’d Cylinder into two parts, a bigger and a lefs 5 the bigger 
was that which was at the convex fid e of the knee, namely, on the fide A, 
and was wreath’d by O O O O O ; this, as it feem'd the broader, fo 
did it alfo the longer, the other P P P P P, which was ufoally purs’d or 
wrinckled in the bending of the knee, as about E, feem’d both the (horter 
and narrower, fo that at firft I thought the wreathing and unwreathing 
of the Beard might have been caus’d by the fhrinktng or fwdling of tha t 
part ; but upon further examination,! found that the clefts, K K, L L,were 
ftuft up with a kind of Spongie fobftance, which, for the moft part, was 
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verv confpicuous neer the knee, as id the cleft K K, when the Beard was 
dr/- upon the difeovery of which, I began to think, that it was upon the 
(Welling of this porous pith upon the accefs of moifture or water that the 
Beard being made longer in the niidft,was ftreightned,and by the fhnnk- 
ins orVubfiding of the parts of that Spongie fobftance together, when 
the water or moifture was exhal’d or dried, the pith or middle parts 
growing fliorter, the whole became twifted. . . 

b But this! cannot be pofitive in, for upon cutting the wreath d part in 
many places tranfverfly, I Was not fo well fatisfy’d with the fhape and 
manner of the pores of the pith ; for looking on thefe tranfverfe Sections 
with a very good Microfiope , I found that the ends of thofe tranl- 
verfe Sections appear'd much of the manner of the third Figure of the 
15. scheme ABCFE, and the middle or pith CC, feem’d very full of 
pores indeed, but all of them feem’d to run the long-ways. 

1 his Figure plainly enough (hews in what manner thofe clefts, K and L 
divided the wreath’d Cylinder into two unequal parts, and alfo of what 
kind of fobftance the whole body confifts ; for by cutting the fame Beard 
in many places, with tranfverfe Se&ions, I found much the fame ap- 
pearance with this exprefs’d ; lb that thofe pores feem to run, as in moft 
other fuch Cany bodies, the whole length of it. 

The clefts of this body KK, and LL, feem’d (as is alfo exprefs'd in 
the Figure) to wind very oddly in the inner part of the wreath; and 
in fome parts of them, they feem’d fluffed, as it were, with that Spongie 
fobftance, which I juft now defer ibed. 

This fo oddly conftituted Vegetable fobftance, 5 s firft (that I have 
met with) taken notice of by Baptijla Porta , in his Natural Magick, l, as Si 
thing known to children and Juglers, and it has been call’d by fome of 



uicu uy mem to mancaimaii maex, Carols, or tne litre, to move round 
upon the wetting of it with a drop of Water, and muttering Certain 
words. 

But the ufe that has been made of it, for the difeovery of the various 
conftitutions of the Air, as to driftels and moiftnefs, is incomparably 
beyond any other ; for this it does to admiration ; The manner of con- 
triving it fo, as to perform this great effeft, is onely thus : 

Provide a good large Box of Ivory, about four Inches over, and of 
what depth you (hall judge convenient (according to your intention 
of making ufe of one, two,three,or more of thefe fmall Bear disordered in 
the manner which I (hall by and by defcribe)let all the (ides ofthis Box be 
turned of Baxket-work (which here in London iseafily enough procur’d) 
ul of holes, in the manner almoft of a Lettice, the bigger, or more the 
holes are, the better, that fo the Air may have the more free paflage to the 
mcfofedBeard^ndmaythe more eafily pafsthrough the Ihftrument ; it 

W r? 011 ^ together fohandfom,if infteed of the Baf- 

ket-work on the (ides of the Box, the bottom and top of the Box be join’d 
together onely with three or four (mall Pilkrs, after the manner Lptt- 

fented 
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fcnted in the ^Figure of the 15 Scheme. Or, if you intend to make ufe 0 r 
many of thefe fmall Beards join'd together, you may have a final! !ni,„ 
Cafe of Ivory, whofe fides are turn’d ofBaikct-work, full of holes which 
may be ferew’d on to the underfide of a broad Plate of Ivory, on the other 
fide of which is to be made the divided Ring or Circle, to which divifi 
ons the pointing of the Hand or Index, which is moved by the conjoin’d 
Beard, may fliew all the Minute variations of the Air. J 

There may be multitudes of other ways for contriving this fmall Inftru- 
ment, fb as to produce this effect, which any one may, according to his 
peculiar ule, and the exigency of his prefentoccafion, eafily enough con- 
rrive and take, on which I fhall not therefore infill. The whole manner of 
making any one of them is thus : Having your Box or frame A AB B, fitly 
adapted for the free pafTage of the Air through it, in the midft of the bot- 
tom B B B, you mufthave a very fmall hole C, into which the lower end of 
the Beard is to be ft xd,the upper end of which Beard a Lis to pa fs through 
a fmall hole of a Plate, or top A A, if you make ufe onely of a fingle one, 
and on the top of it e, is to be fix’d a fmall and very light Index fg, made 
of a very thin lliver of a Reed or Cane ; but if you make ufe of two or 
more Beards, they muftbe fix'd and bound together, either with a very 
fine piece of Silk, or with a very fmall touch of hard Wax, or Glew, which 
is better, and the Index fg, is to be fix’d on the top of the fecond, third, 
or fourth in the fame manner as on the fingle one. 

Now, beenufe that in every of thefe contrivances, the index fg, will 
with fome temperatures of Air, move two, three, or more times round, 
which without fome other contrivance then this, will be difficult to diftin- 
guifh, therefore I thought of this Expedient : The Index or Hand fg, be- 
ing rais’d a pretty way above the furface of the Plate A A, fix in at a 
little diftance from the middle of it a fmall Pin h, fb as almoft to touch 
the furface of the Plate A A, and then in any convenient place of the 
furface of thePlate,fix a fixiall Pin, on which put on a fmall piece of Paper, 
or thin Paft-board, Vellom, or Parchment, made of a convenient cize, 
and fhap’d in the manner of that in the Figure expreft’d by i 4 , fb 
that having a convenient number of teeth every turn or return of the 
Pin h , may move this fmall indented Circle, a tooth forward or back- 
wards, by which means the teeth of the Circle, being mark’d, it will be 
thereby very eafie to know certainly, how much variation any change 
of weather will make upon the fmall wreath’d body. In the making of 
this Secundary Circle of Vellom, or the like, great care is to be had, that 
it be made exceeding light, and to move very eafily, for otherwifea fmall 
variation will fpoil the whole operation. The Box may be made ofBrafs, 
Silver, Iron, or any other fubftaijce, if care betaken to make it open 
enough, to let the Air have a fufficiently free accefs to the Beard. The 
Index alfo may be various ways contrived, fo as to {hew both the number 
of the revolutions it makes, and the Minute divifions of each revolution. 

I have made feveral trials and Inftruments for difeovering the drineft 
and moifture of the Air with this little wreath’d body, and find it to vary 
exceeding fenfibly with the leaf! change in the conftitunonof the Air, as 
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to drinefs and moifture, fo that with one breathing upon it, I have made 
\t untwift a whole bout, and the Index or Hand has fbcw d or pointed to 
various divifions on the upper Face or Ring of the Inftrument, according 
as it was carried neerer and ncerer to the fire, or as the heat of the bun 

increafed upon it. . . 

Other trials I have made with Gut-firings, but find them nothing neer 
fo fenfible, though they alio may be fo contriv’d as to exhibit the 
changes of the Air, as to drinefs and moifiure, both by their retching 
andfhrinking in length, and alio by their wreathing and unwreathing 
themfelves , but thefe are nothing neer foexaft or fo tender, for their va- 
rying property will in a little time change very much. But there are fe- 
veral other Vegetable fubftances that are much more fenfible then even 
this Beard of a wilde Oat 5 fuch I have found the Beard of the feed ot 
Mufk-grafs, or Geranium mofehatum, and thole of other kinds Qf Cranes - 
hil feeds, and the like. But always the fmaller the wreathing fubfiance 
be, the more fenfible is it of the mutations of the Air, a conjecture at 
the reafon of which I fhall by and by add. 

The lower end of this wreath’d Cy linder being fiuck upright in a little 
foft Wax, fo that the bended part or Index of it lay horizontal, I have 
obferv’d it always^ with moifiure to unwreath it felf from the Eaft (For 
inftancejby the South to the Wefi,and fo by the North to the Eaft again, 
moving with the Sun (as we commonly fay) and with heat and drouth 
to re-twift, and wreath it felf the contrary way, namely, from the Eaft, 
(for inftacce) by the North to the Weft, and fb onwards. 

The caufe of all which Phenomena, feems to be the differing texture 
of the parts ofthefe bodies, each of them (cfpecially the Beard of a wilde 
Oat, and of Moskrgrafs Iced ) foe n ling to have two kind of fobftances,one 
that is very porous ; loofc,and fpongie,into which the watry fleams of the 
Air may be very eafily forced, which will be thereby fwell’d and extend- 
ed in its dimenfions, juft as we may obferve all kind of Vegetable fub- 
ftance upon fteeping in water to fwell and grow bigger and longer. And a 
fecond that is more hard and clofc^into which the water can very little 5 or 
not at all penetrate, this therefore retaining always very neer the fame 
dimenfions^ and the other ftretching and fhrinking^ according as there 
JS more or left moifiure or water in its pores, by reafon of the make and 

Inape of the parts , the whole body mull necelTarily unwreath and 
wreath it felfi 



Andupon this Principle, It is very eafie to make feveral forts of con- 
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and cold. And were this Principle very well examin'd, I am very apt t 0 
think, it would afford us a very great help to. find out the Mechanic 
of the Mufcles, which indeed,as farr as 1 have hitherto been able to ex- 
amine, feems to me not lo very perplex as one might imagine, clpeciallv 
upon the examination which I made of the Mufcles of Crabs ^Lobjlers 
feverai forts of large Shell-fifh,and comparing my Obfervations on them 
with the circumftances I obferv’d in the mufcles of terreftrial Animals! 

Now, as in thislnftance of the Beard of a wilde Oat, we lee there is 
nothing elfe requifite to make it wreath and unwreath it fclf and to 
ftreighten and bend its knee, then onely a little breath of moift or dry 
Air, or a fmall atoms almoft of water or liquor, and a little heat to make 
it again evaporate ; for, by holding this Beard, plac’d and fix’d as I be- 
fore directed, neer a Fire, and dipping the tip of a Imall Hired of Paper 
in well re&ify'd {pint of Wine, and then touching the wreath’d Cylin- 
drical part, you may perceive it to untwift it felfj and prefently again,up- 
on the avolation of the fpirit, by the great heat, it will re-twill itfelf, 
and thus will it move forward and backwards as oft as you repeat the 
touching it with the fpirit of Wine 5 lb may, perhaps, the ftirinking and 
relaxing of the mufcles be by the influx and evaporation of fome kind 
of liquor or juice. But of this Enquiry I fhall add more ellewher e. 



Obfcrv. XXVIII. Of the Seeds 0/ Venus looking- gla.fi ■, or Corn 
Violet. 

F Rom the Leaves, and Downs, and Beards of Plants, we come at laft to 
the Seeds 5 and here indeed feems to be the Cabinet of Nature, where- 
in are laid up its Jewels. The providence of Nature about Vegetables, is in 
no part manifefted more,then in the various contrivances about the feed, 
nor indeed is there in any part of the Vegetable fo curious carvings, and 
bcautifull adornments, as about the feed $ this in the larger forts of feeds 
is moft evident to the eye ; nor is it lefs manifefl through the Mcrofeepc, 
inthofe feeds whole fhape and ftru&ure, by reafcn of their fmalnefs, the 
eye is hardly able to diftinguifh. 

Of thefe there are multitudes, many of which I have obfcrv d through 
a Microfcepc , and find, that they do, for the moft part, every one afford 
exceeding pleafant and beautifull obje&. For befides thofe that have 
various kinds of carv’d furfaces, there are other that have finooth and 
perfeftly polifh’d furfaces, others a downy hairy furface; fome are 
cover'd onely withafkin, others with a kind offhell, others with both, 
as is obfervable alfo in greater feeds. 

Of thefe feeds I have onely deferibed four forts which may ferve as a 
Specimen of what the inquilitive obfervers are likely to find among the 
reft. Thefirft of thefe feeds which are deferibed in the 17 .Scheme, nt 
thofe of Corn-Violets, the feed is very fmall, black, and (taning, and,w 
the naked eye, looks almoft like a very fmall Flea; But ^roughthe 
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, nT , Pirs a lame body, cover’d with a tough thick and bright 
-^fl^Tftinveryirreguiarly flirunk and pitted, iniomuch that ittsal- 
tcf find two of them wrinkled alike. To greatava- 

^TJ'hough h^^done o^h^moft promifing feed, for bcnuty to 
.he mkei eyLet through the Microbe it appear d but a rude nufltapen 

S wMch\ therefore tfrew, that ] [might thereby mamfeft how unab e 

wic by the naked eye to judge of beauteous or left cimoin awr^f- 
«/Obiefts; cutting fomeof them in luudei, ] oblerv d them to 
withagreenifh yelfow pulp, and to have a very thtek huik, in propor- 

tion to the pulp. 



Obferv. XXIX. Of the Seeds of Ty me. 

T Hefe pretty fruits here reprefented, in the 18. Scheme^ are nothing 
dfe,but nine feveral feeds of Tyme 5 they are all of them in differ- 
ing pofturejboth as to the eye and the light 5 nor are they all of them ex- 
actly of the fame fbape, there being a great variety both in the bulk and 
figure of each feed 5 but they all agreed in this, that being look’d on with 
a Micrefcope, they each of them exactly refembled a Lemmon or Orange 
dry’d , and this both in fkape and colour. Some of them are a little 
rounder, of the foape of an Orange, as A and B, they have each of 
them a very confpicuous part by which they were join’d to their little 
ftalk,and one of them had a little piece of ftalk remaining on 5 the oppo- 
fitefide of the feed, you may perceive very plainly by the Figure,is very 
copped and prominent, as is very ufual in Lemmons, which prominencies 
are exprefsd in D, E and F. 

They feem’d each of them a little creas’d or wrinckled, but E was 
very confpicuoully furrow’d, as if the inward make of this feed had been 
fbmewhat like that of a Lemmon alfo, but upon dividing feveral feeds 
with a very fharp Pen-knife, and examining them afterward, 1 found 
their make to be in nothing but bulk differing from that of Peas, that is,to 
have a pretty thick coat,and all the reft an indifferent white pulp, which 
feem’d very clofe 5 fo that it feems Nature does not very much alter her 
method in the manner of inelofiog and preferving the vit*d Principle in 
the feed, in thefe very fmall grains, from that of Beans. Peas, &c. 

The Grain affords a very pretty Ob jeft for the Mkrofiope, namely, a 
of Lemmons plac d in a very little room, fliouldaLemmonorNut 
be proportionably magnify d to what this feed of Tyme is, it would make 
it appear as bigg as a large Hay-reek, and it would be no great wonder to 
lee Homers Iliads , and Homer and all, cramm’d into fuch a Nut-fhel! We 
may perceive even in thefe fmall Grains, as well as in greater, how "cur t- 

S d 5— 1 u atU , r y S m pr n efervin § the feminal principle of Vege- 
table bodies, in what delicate, ftrong and moft convenient Cabinets foe 
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Mcrofcope , it appears a large body, cover'd with a tough thick and bright 
refle&ing /kin very irregularly flirunk and pitted, inlomuch that it is a 1- 
moftan impofiibility to find two of them wrinkled alike, fo great a va- 
riety may there be even in this little feed. 

This, though it appear’d one of the moft promifing feeds for beauty to 
the naked eye, yet through the Mcrofcope it appear’d but a rude mifhapen 
feed, which I therefore drew, that I might thereby manifeft how unable 
we arc by the naked eye to judge of beauteous or Ids curious microfeopi- 
cal Objefts ; cutting feme of them in funder, I obfcrv’d them to be fill’d 
withagreenifh yellow pulp, and to have a very thick hulk, in propor- 
tion to the pulp. 
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T Hefe pretty fruits here reprefented, in the 18. Scheme , are nothing 
elfe,but nine feveral feeds of Tyme 5 they are all of them in differ- 
ing pofture,both as to the eye and the light j nor are they all of them ex- 
aftly of the fame lhape, there being a great variety both in the bulk and 
figure of each feed , but they all agreed in this, that being look'd on with 
a Microfeope, they each of them exactly refembled a Lemmon or Orange 
dry’d 5 and this both in lhape and colour. Some of them are a little 
rounder, of the lhape of an Orange, as A and B, they have each of 
them a very conlpicuous part by which they were join’d to their little 
ftalk,and one of them had a little piece of ftalk remaining on 5 the oppo- 
fitefideof the feed, you may perceive very plainly by the Figure, is very 
copped and prominent, as is very ufual in Lemmons, which prominencies 
are exprefs’d in D, E and F. 

They feem'd each of them a little creas'd or wrinckled, but E was 
very conlpicuoully furrow'd, as if the inward make of this feed had been 
fomewhat like that of a Lemmon alfo, but upon dividing feveral feeds 
with a very fharp Pen-knife, and examining them afterward, I found 
their make to be in nothing but bulk differing from that of Peas,that is to 
have a pretty thick coat,and all the reft an indifferent white pulp which 
lccm d very clofe j fo that it feems Nature does not very much alter her 
method m the manner of indofing and preferving the vital Principle in 
tk 1 !f d > ln thefe very fmall grams, from that of Beans, Peas, &c. 

The Gram affords a very pretty Objeft for the Microfeope, namely, a 
Dilhof Lemmons plac d m a very little room * fliould a Lemmon or Nut 
be proportionably magnify d to what this feed of Tyme is,it would make 

fee « pear aS r/ 3I ^F ** a J arge Ha y-«fek.and it would be no great wonder to 
omers Iliads, and Homer and all, cramm'd into fuch a Nut-fhell We 
may perceive even in thefe finall Grains, as well as in greater how VmS 
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lays them and clofes them in a pulp for their fafer protection from out- 
ward dangers, and for the fupply of convenient alimental juice, when 
the heat of the Sun begins to animate and move thefe little automatons 
or Engines ; as ifflie would, from the ornaments wherewith fhe has deckt 
thefe Cabinets, hint to Us, that in them (he has laid up her Jewels 
and Mafter-pieces. And this, if we are but diligent in obferving, we 
(ball find her method throughout. There is no curiofity in the Elemental 
kingdom, if I may (b call the bodies of Air, Water, Earth, that are com- 
parable in form to thofe of Minerals $ Air and Water having no format 
all, unlels a potentiality to be form’d into Globules s and the clods and 
parcels of Earth are all irregular, whereas in Minerals (he does begin to 
Geometriz e, and praCtife, as ’twere, the firlf principles of Mechanic^ 
(haping them of plain regular figures, as triangles, fquares, and te~ 
traedrons , cubes, &c. But none of their forms are comparable to the 
more compounded ones of Vegetables 5 For here (he goes a ftep further, 
forming them' both of more complicated (hapes, and adding alfo multi- 
tudes of curious Mechanick contrivances in their ftruCturejfor whereas in 
Vegetables there was no determinate number of the leaves or branches, 
nor no exactly certain figure of leaves, or flowers,or feeds, in Animals all 
thofe things are exactly defin’d and determin’d $ and where-ever there 
is cither an excels or defeCfc of thofe determinate parts or limbs,there has 
been fome impediment that has fpoil’d the principle which was moftre- 

E ular : Here we (hall find, not onely moft curioufiy compounded (hapes, 
ut mod ftupendious Mechanifins and contrivances, here the ornaments 
are in the higheft perfection, nothing in all the Vegetable kingdom that 
is comparable to the deckings of a Peacock ; nay, to the curiofity of any 
feather, aslelfewherc (hew 5 nor to that of the (mailed and mod defpi- 
cable Fly. But I mud not day on thefe (peculations, though perhaps it 
were very well worth while for one that had lei(ure,to fee what Informa- 
tion may be learn d of the nature, or ufe,or virtues of bodies, by their feve* 
ral forms and various excellencies and properties. Who knows but Adam 
might from fome fuch contemplation, give names to all creatures? If at 
lead his names had any fignificancy in them of the creature’s nature on 
which he impos’d it 5 as many (upon what grounds I know not) have 
fuppos’d : And who knows, but the Creator may, in thofe characters, have 
written and engraven many of his mod myderious defigns and counfels, 
and given man a capacity, which, affided with diligence andmdudry, 
mavbe able to read and underdand them. But not to multiply my di- 
greffion more then I can the time, I will proceed to the next, which is, 



Obferv. XXX. Of tie Seeds of Poppy. 

T-He (mail feeds ofPoppy, which are defatted in the 
I fcr their froainefi, multiplicity and prettmefs, as alfo for _thor a 
mirable foporihek quality, deferve to he taken notice of among 
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lays them and clofes them in a pulp for their fafer protection from out- 
ward dangers, and for the fupply of convenient alimental juice, when 
the heat of the Sun begins to animate and move thefe little automatons 
or Engines ; as iflhe wou)d,from the ornaments wherewith fhe has deckt 
thefe Cabinets, hint to us, that in them (he has laid up her Jewels 
and Mafter-pieces, And this, if we are but diligent in oblerving, we 
fhall find her method throughout. There is no curiofity in the Elemental 
kingdom, ifl may lb call the bodies of Air, Water, Earth, that are com- 
parable in form to thofe of Minerals 5 Air and Water having no format 
all, unlefi a potentiality to be form’d into Globules; and the clods and 
parcels of Earth are all irregular, whereas in Minerals fhe does begin to 
Geontetri&e, and praftife, as Were, the firft principles of Mechanic!^ ^ 
fh aping them of plain regular figures, as triangles, fquares, &c, and te~ 
traedrons , cubes, &c. But none of their forms are comparable to the 
more compounded ones of Vegetables; For here fhe goes a ftep further, 
forming them both of more complicated fhapes, and adding alfo multi- 
tudes of curious Mechanick contrivances in their ftruChire;for whereas in 
Vegetables there was no determinate number of the leaves or branches, 
nor no exaClly certain figure of leaves, or flowers, or feeds, in Animals all 
thofe things are exaCtly defin’d and determin’d ; and where-ever there 
is either an excels or defeCt of thofe determinate parts or limbs, there has 
been Ibme impediment that has fpoil’d the principle which was moft re- 

S ular : Here we fhall find, not onely moft curioully compounded lhapes, 
ut moft ftupendious Mechanifms and contrivances, here the ornaments 
are in the higheft perfection, nothing in all the Vegetable kingdom that 
is comparable to the deckings of a Peacock ; nay, to the curiofity of any 
feather, as I elfewhere fhew ; nor to that of the fmalleft and moft defpi- 
cable Fly. But I muft not ftay on thefe fpeculations, though perhaps it 
were very well worth while for one that had leilure,to fee what Infor ma- 
tion may be learn’d of the nature, or ufe,or virtues of bodies, by their feve- 
ral forms and various excellencies and properties. Who knows but Adam 
might from feme fuch contemplation, give names to all creatures? If at 
leaf! his names had any fignificancy in them of the creature’s nature on 
which he impos’d it; as many (upon what grounds lknow not) have 
fuppos’d : And who knows,butthe Creator may, in thofe chambers, have 
written and engraven many of his moft myfterious defigns and counfels, 
and given man a capacity, which, affifted with diligence and induftry, 
may be able to read and underftand them. But not to multiply my dn 
greifion more then I can the time, I will proceed to the next, which % 



Obferv. XXX. Of the Seeds (f Poppy. 

*He finall feeds of Poppy, which are deferibedin the 1 
* for their fmalnefs, multiplicity and prettinefs, as alfo for their c 
mirable foporifick quality, deferve to be taken nonce ofamong^ 
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rf 7aoSS yttarefSyforthemApart fo.vpry little, thatthey 
Z the bulkof a fmali Nitt,being not above f* fart of an Inch m 
rv^ ter whereas the Diameter of the Hive of them oftentimes exceeds 
Diameter, ‘ ; capable of containing neer two hundred thoufand, 

atld foinall^kefthpod does contain a vaft quantity, though pci haps not 
2 ? d . . ™£ „ Next for their prettinefs, they may be compar d to any 

iSS'feed 1 ive yet feen; for they are of a dark browmlhred 
colour curiounyHoney-comb’d all over with a ^fy pretty variety of 
Net work, or a finall ! kind of imbofoent 

the furface of them looking not unlike the infide of a Beev s ttomack. But 
that which makes it moft Lfiderable of all, % the medicinal virtues of 
it, which are fuck as are not afforded us by any Mineral preparation 5 and 
that is for the procuring of fleep, a thing as necefiary to the well-being 
of a creature as his meat, and that which refrefhes boththe voluntary 
and rational faculties, which, whil’ft this afieftion has feis d the body, are 
for the moft part unmov'd, and at reft. And 5 irtethink^ Nature does 
Item to hint fome very notable virtue or excellency in this Plant from the 
curiofity it has bellow’d upon it, Firft, in its flower, it is of the higheft 
fcarlet-Dye, which is indeed the prime and chiefeft colour, and has been 
in all Ages of the world moft highly efteem d : Next, it has as much cu- 
riofity fliew’d alfoin the bulk or cafe of the feed, as any one Plant I have 
yet met withall 5 and thirdly, the very feeds themfelves, the Mtcrofiope 
difeovers to be very curioufly fhap d bodies, and laftly. Nature has 
taken fuch abundant care for the propagation of it, that one fingle feed 
grown into a Plant, is capable of bringing fome hundred thou fends of 
feeds. 



It were very worthy fome able man’s enquiry whether the intention of 
Nature, as to the fecundary end of Animal and Vegetable fubftances 
might not be found out by fome fuch char afters and notable impreffions 
as thefe, or from divers other circumftances, as the figure, colour, place, 
rime of flourifhingjlpringing and fading, duration, tafte,fmell, &c. For 
if fuch there are (as an able Piyjtcian upon good grounds has given me* 
caufe to believe) we might then, infteed of ftudying Herbals (where fb 
little is deliver'd of the virtues of a Plant, and lefs of truth) have re- 
courfe to the Book of Nature it felf, and there find the moft natural, 
ufefull, and moft effeftual and Ipecifick Medicines, of which we hayej 
amongft Vegetables, two very noble Inftances to incourage foch a hope, 
the one of the Jefiite powder for the cure of intermitting Feavert , and the 
other of the juice of Poppy for the curing the defeft of fleecing. 
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other Mi-rofcofiedittis theTi^o- 

ff Mmroa” vetare t^hey for the moft part fo.Vfty little, that they 
HlflS&kofM Nitt, being not above j, part ofan Inch m 
exceed not th On meter of the Hive of them oftentimes exceeds 

-indfo in all likelihood does contain avaft quantity, though pci aps no 
and loin all llBenno prett i„ c r % they may be compar d to any 

^fe5Tity«fJn S for they ale of a dark brcwnifhred 
S furioufly Honeycomb'd all over with a very , pretty yattetr of 
Network, or a fmall kind of imbofment of very orderly raiad rid™ 
the fur&ceofthcm looking not unlike the infide of a Boev sftomack. But 
that which makes it moft conliderable of all, is, the medinnal virtues of 
it. which are fuch as are not afforded us by any Mineral preparation i , and 
that is for the procuring of deep, a thing as neccflary to the we - emg 
of a creature as 1* meat, and that which tefrefhes both the voluntary 
and rational faculties, which, whii ft this afleftion has feis d the body,are 
for the moft part unmov’d, and at reft* And, methinks, Nature does 
fecm to hint fome very notable virtue or excellency in this Plant from the 
curiofity it has beftow'd upon it. Firft, in its flower, it is of the higheft 
fcarlet-Dye, which is indeed the prime and chiefeft colour, and has been 
in all Ages of the world moft highly efteem d ; Next, it has as much cu- 
riofity fhew’d alfo in the hulk or caleofthe feed, as anyone Plant I have 
yet met withall ; and thirdly, the very feeds themfelves, the Mi crofcope 
difeovers to be very curioufly lhap d bodies, and laftly, Nature has 
taken fuch abundant care for the propagation of it, that one Angle feed 
grown into a Plant, is capable of bringing feme hundred thousands of 
iteds. 

It were very worthy feme able man’s enquiry whether the intention of 
Nature, as to the fecundary end of Animal and Vegetable fubftances 
might not be found out by feme fuch characters and notable impreffions 
as thefe, or from divers other circumftances, as the figure, colour, place, 
time of flourifhing, fpringing and fading, duration, tafte, finell, &c. For 
if fuch there are (as an able ptyjician upon good grounds has given me 
caufe to believe) we might then, infteed of ftudying Herbals (where fo 
little is deliver d of the virtues of a Plant, and lefs of truth) have re- 
eourfe to the Book of Nature it felf, and there find the moft natural, 
ufefoll, and moft effetftial and fpecifick Medicines, of which we haye^ 
amongft Vegetables, two very noble Inftaiices to incourage fuch a hope, 
the one of the jf ejkite powder fox the cure of intermitting Feavers&nd. the 
other of the juice of Poppy for the curing the defeft of fleeping. 
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Obferv. XXXI. Of Purflane-fecd. 

ie Seeds ofPurfiane leem of very notable fliapes, appearing through 
the^ Mtcrojcepe Ibap’d fomewhat like a nautilus or Porcelane (hell S ac 
may be leen in the XX. Scheme , it being a lmall body, coy Id' round in 
the manner of a Spiral ; at the greater end whereof, which reprefents the 
mouth or orifice of the Shell, there is left a little white tranfparent fu£ 
fiance, like a Ikin, reprelented by B B B E, which leems to have been the 
place whereunto the ftem was join'd. The whole furface of this Coclca 
or Shell, is cover’d over with abundance of little prominencies or buttons 
very orderly rang’d into Spiral rows, thefhapeof each of which feem’d 
much to refemble a Wart upon a mans hand. The order, varietv, and 
curiofity in the lhape of this little feed, makes it a very pleafant objeft 
for the fidicrojcope , one of them being cut alunder with a very lharp Pen- 
knife, difcover’d this carved Caiket to be of a brownifh red, and fome- 
what tranfparent fubftance, and manifefted the infide to be fill’d with a 
whitlfh green fubftance or pulp, the Bed wherein the feminal principle 
lies invelop'd . r 

There are multitudes of other feeds which in lhape reprefent or imi- 
tate the forms of divers other forts of Shells: as the feed of Scurvy* 
graf 3 very much refembles the make of a Concha Venerea ,a kind ofPurce- 
lane Shell ; others reprefent feveral forts of larger fruits, fweat Marje- 
rome and Pot-marjerome reprefent Olives. Carret feeds are like a cleft 
of a Coco-Nut Hulk; others are like Artificial things, as Succory feeds 
are like a Quiver full of Arrows, the feeds of Amaranthus are of an ex- 
ceeding lovely lhape, fomewhat like an Eye : The Ikin of the black and 
fhrivled feeds of Onyons and Leeks, are all over knobbed like a Seals fkin. 
Sorrel has a pretty black ihiningthree-fquare feed, which is picked at both 
ends with three ridges, that are bent the whole length of it. It were al- 
moft endlefs to reckon up the feveral fhapes,they are lo many and lb va- 
rious ; Leaving them therefore to the curious ubferver, I lball proceed to 
theObfervations on the parts of Animals. 



Obferv. XXXII. 1 Of the Figure of feveral forts of Hair, and of 

the texture cf the fkin. 

• . • 1 . 

V iewing fome of the Hairs of my Head with a very good Mcrofcope , 
I took notice of theie particulars : 

1. That they were, for the moft part. Cylindrical, fomc of them were 
fomewhat Prifmaticaljout generally they were veryneer round, fuch as are 
reprefented in the fecond Figure of the ^scheme ,by the Cylinders EEE. 
nor could I find any that baa lharp angules. 

J a. That 
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2. That that part which was next the top, was bigger then that which 

was neerer the root. , , , 

That they were all along from end to end tranfparent, thougti not 
very cleer, the end next the root appearing like a black tranfparent piece 
of Horn, the end next the top more brown, fomewhat like transparent 

**4. That the root of the Hairs were pretty fniooth, tapering Inwards, 
almoft like a Parfneb; nor could I find that it had any filaments, or any 
other veflelsj fuch as the fibres of PI an ts. . 

5. That the top when fpiit (which is common in long Hair) appear d 
like the end of a flick, beaten till it be all flitter'd, there being not onely : 
two fplinters, but fometimes half a ficore and more. 

6. That they were all, as farr as 1 Was able to find, Iblid Cylindrical 
bodies, not pervious, like a Cane or Bultufi] ; nor could I find that they 
had any Pith, or diftinftion of Rind, or the like, fuch as I had obferv’d in 
Horfe-hairs, the Briftles of a Cat, the Indian Deer’s Hair, &c, 

Qbfervatiom on feveral other forts of Hair; 

For the Brifles of a Hogg, I found them to be firft a hard tranfparent 
horny fubftance, without the leaf! appearance of pores of holes in it ; and 
this I try’d with the greateft care I was able, cutting many of them with a 
very lharp Razor, lo that they appear’d, even in the Glals, to have a pret- 
ty Imooth furface, but fomewhat waved by the fawing to and fro of the 
Razor, as is vifible in the end of the Prifmatical body A of the lame 
Figure; and then making trials with canfing the light to be call on them 
all the various ways I could think of, that was likely to make the pores 
appear, if there had been any, 1 was not able to difeover any. 

Next, the Figure of the Brifles was very Various, neither perfectly 
round, nor lharp edg'd, but Prifmatical , with divers fides, and round- 
angles, as appears in the Figure A. The bending of them in any part 
where they before appear’d cleer, would all flaw them, arid make them 
look white. 

The Muftacheos ofa Cat (part of one of which- is fepfefehted by the 
ftiort Cylinder B of the fame Figure) feem’d to have, all of them that I ob- : 
ferv'd,a large pith in the middle, like the pith of an Elder, whofe texture 
was fo dole, that I was not able to difeover the leaft fign of pores ; and 
thofe parts which feem to be pores, as they appear’d" in one pofition to the 
lighten another 1 could find a manifeft refleftiom to be call from them. 

This I inftauce in, to hint that it is not fafe to conclude any thing to be' 
pofitively this or that, though it appear never fo plain and likely when ; 
look d on with a Murfeope in one pollute, before the fame be examin’d- 
by placing it in feveral other pofitionsv 

r , A £ d ? thlS f takC foe reafon why many have believed and alTerted 

Ltd'foL»d a "o^nd d ‘° bChOl,0W = tall pip« per- 

Now, though I grant that by an Analogic one ifiay lupppfo them (04 

and 
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and from the F olonian difeafe one may believe them foch, yet I think \y C 
have not the leaft encouragement to either from the Microfcope, much left 
pofitivcly to aflert themfuch. And perhaps the very eilence oi' the Pika 
Tolonica may be the hairs growing hollow, and of an unnatural con- 
ftitution. 

And as for the Analogic, though I am apt enough to think that the hairs 
of feveral Animals may be perforated fomewhat like a Cane, or at leaft 
have a kind of pith in them, firft, becaufe they feem as ’twere a kind ofVe* 
getable growing on an Animal, which growing, they lay, remains a long 
while after the Animal is dead, and therefore fhould like other Vege- 
tables have a pith 5 and fecondly, becaufe Horns and Feathers, and Por- 
cupine’s Quils, and Cats Brilles, and the long hairs of Horfes, which come 
very neer the nature ofa mans hair, feem all of them to have a kind ofpith, 
and fome of them to be porous, yet I think it not (in thefe cafes, where we 
have luch helps for the fenfe as the Microfcope affords) fafe concluding 
or building on more then we fenfibly know, fince we may .with exami- 
ning, find that Nature does in the make of the fame kind offubftance, 
often vary her method in framing of it ; Inftances enough to confirm this 
we may find in the Horns of feveral creatures : as what a vaft difference 
is there between the Horns of an Gxe,and thofe of fome forts of Staggs 
as to their fhape ? and even in the hairs of feveral creatures, we find a 
vaft difference j as the hair ofa man’s headfeems, as I laid before, long, 
Cylindrical and fometime a little Prifinatical, folid or impervious, and 
very final 1 ; the hair of an Indian Deer (a part of the middle of which is 
deferibed in the third Figure of the fifth Scheme, marked with F) is big- 
ger in compais through all the middle of it,then the Brifle of an Hogg, but 
the end of it is ftnaller then the hair of any kind of Animal (as may be 
feen by the Figure G) the whole belly of it, which is about two or three 
Inches long, looks to the eye like a thread of courfe Canvaft, that has 
been newly unwreath’d, it being all wav’d or bended to and fro, much 
after that manner, but through the Microfcope , it appears all perforated 
from fide to fide,and Spongie, like a fmall kind offpongy Coral, which is 
often found upon the Englfo Shores', but though I cut it tranfverfly, I 
could not perceive that it had any pores that ran the long-way of the 
hair: the long hairs of Horfes CC and D,feem Cylindrical fome what 
pithy; the Brilles of a Cat B, are conical and pithy: the Quils of Por- 
cupines and Hedghoggs, being cut tranfverlly, haveawhitifh pith, in the 
manner ofa Starr, or Spur-rowel : Piggs-hair (A) is fomewhat trugond, 
and feems to have neither pith nor pore : And other kinds of hair have 
quite a differing ftrufture and form. And therefore I think it noway 
agreeable to a true natural Hiftorian, to pretend to be fo lharp-lighted, 
as to fee what a pre-conceiv'd Hypothefu tells them i fhould be there,where 
another man, though perhaps as feeing, but not foreftall d, can difeover 
no fiich matter. 

But to proceed 
and found them tc 
tranlparency of a 



I obferv’d feveral kind of hairs that had been Dyed, 
be a kind of horny Cylinder, being of much about the 
>retty cleer piece of Oxe horn; thefe appear d quite 
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throughout ’tingid with the colours they exhibited. And *tis likely, that 
thofehairs being boy I'd orftcep’din thofe very hot ting d liquors in the 
Dye- fat, And the fubftance of the hair being much hke that of an Oxes 
Horn the penetrant liquor does fo far mollifie and foften the fubftance, 
tint it finks into the very center of it, and (o the ting d parts come to be 
mix'd and united with the very body of the haiiymd do not ^as fome have 
thought) only flick on upon the outward furface. And this,the boiling of 
Horn will make more probable ; for we ffiall find by that action, that the 
water will infinuate it felf to a pretty depth Within the furface of it, 
efbecially if this penetrancy of the water be much helped by the Salts 
that are ufually mix’d with the Dying liquors. Now, . whci eas Silk may 
be dyed or ting’d into all kind of colours without boiling or dipping in- 
to hot liquors, I gheft the reafon to be two-fold : Firft, becaufe the fila- 
ments, or fmall cylinders of Silk, are abundantly ftnaller and finer, and fo 
have a much ids depth to be penetrated then moft kind of hairs ; and 
next, becaufe the fubftance or matter of Silk, is much more likeaGlew 
then the fubftance of Hair is. And that 1 have reafon to fuppofo: 

Firft, becaufe when it is fpun or drawn out of the Worm, it is a perfect 
glutinous fubftance, and very eafily flicks and cleaves to any adjacent 
body, as I have feveral times obferved, both in Silk-wormsand Spiders; 

Next, becaufe that l find that water does eafily diflolve and mollifie the 
fubftance again, which is evident from their manner of ordering thofe 
bottoms or pods of the Silk -worm before they are able to unwind them. It 
is no great wonder therefore,if thofeDyes or ting’d liquors do very quick- 
ly mollifie and tinge the forfaces of fo fmall and fo glutinous a body. 

And we need not wonder that the colours appear fo lovely in the one, 
and fo dull in the other, if we view but the ting’d cylinders of both 
kinds with a good Microfcope 5 for whereas the fubftance of Hair, at beft,is 
but a dirty dufkifh white fomewhat tranfparent, the filaments of Silk have 
a moft lovely tranfparency and cleernefs, the difference between thofe 
two being not much lefs then that between a piece of Horn, and a piece 
of Cryflal; the one yielding a bright and vivid reflection from the con- 
cave fide of the cylinder, that is, from the concave furface of the Air 
thatincompafles the back-part of the cylinder ; the other yielding a dull 
and perturb’d refiection from the feveral Heterogeneous parts that com- 
pofe it. And this difference will be manifeft enough to the eye,if you get a 
couple of fmall Cylinders, the fmaller of Cry ftal G!afs,the other of Horn 
and then varnifhing them over very thinly with fome tranfparent colour’ 
which will reprefent to the naked eye much the fame kind of objeCc which 
isreprefented to it from the filaments of Silk and Hair by the help of the 
Microfcope Now, fince the threads of Silk and Serge are made up ofa 
^ rea !*£r irn ° er ^tkefo filaments, we may henceforth ceafe to wonder at 
the difference. From much the fame reafon proceeds the vivid and love- 
^ colours off eathers wherein they very fair exceed the natural as well 
35 tu 13 C0i0Urs - °f hair ;° f which 1 frail fay more in its proper place 
ruil^ J e 8 ™ tsltl( ? eed of creatures are all of them adapted to the pe- 
culiar ufe and convenience of that Animal which they inwrap; and very 
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much alfo for the ornament and beauty of it, as will be moft evident to 
any one that (hall attentively confider the various kinds of cloathings 
wherewith moft creatures are by Nature inverted and cover’d. Thus I 
have observed, that the hair or furr of thofe Northern white Bears that 
inhabite the colder Regions, is exceeding thick and warm : the like have 
I obferv'd of the hair of a Greenland Deer, which being brought alive to 
London ,1 had the opportunity of viewing ; its hair was fo exceeding thick, 
long and foft, that I could hardly with my hand, grafp or take hold of 
his fkin, anditfeem’d fo exceeding warm, as I had never met with any 
before. And as for the ornamenta live ufe of them, it is moft evident in a 
multitude of creaturcs,not onely for colour, as the Leopards, Cats, Rhein 
Deer, &c. but for the fhape, as in Horfes manes, Cats beards, and feveral 
other of the greater fort of terreftrial Animals, but is much more confpi- 
cuous, in the Veftments of Fifties, Birds, Infers, of which Iftiali by and 
by give fome Inftances. 

As for the fkin, the Microsoft difcovers as great a difference between 
the texture of thofe feveral kinds of Animals, as it does between their 
hairs ; but all that f have yet taken notice of, when tann’d or drefs’d, are 
of a Spongie nature, and feem to be conftituted of an infinite company 
offmall long fibres or hairs, which look notunlike aheap of Tow or 
Okum ; every of which fibres feem to have been fome part of a Mufcle, 
and probably, whil’ftlthe Animal was alive, might have its diftinrt fiinrti- 
on, and ferve for the contraction and relaxation of the fkin, and for the 
ftretehing and fhrinking of it this or that way. 

And indeed, without fuch a kind of texture as this, which is very like 
that of Spunk, it would feem very ftrange, how any body fo ftrong as the 
fkin ofan Animal ufually is, and fo clofe as it feems, whil’ft the Animal is 
living, fhould be able to fuffer fo great an extenfion any ways, without at 
all hurting or dilacerating any part of it. But,fince we are inform d by the 
fiticrofcopc , that it confifts of a great many (mall filaments, which are im- 
plicstcd^or int2tQj3jlcci one within nnothcr 5 si moft no otherwife then the 
hairs in a lock of Wool, or the flakes in a heap of Tow, though not alto- 
gether fo loofe 5 but the filaments are here and there uvifted, as twere,or 
interwoven.and here and there they join and unite with one another, (o as 
indeed the whole fkin feems to be but one piece, we need not much win- 
der: And though thefe fibres appear not through aMzcrofiope, joint- 
ed and contex’d,as in Sponge * yet, as I formerly hinted, lam apt to think, 
that could we find fome way of difeovenng the texture of it,_ whil ft it in- 
verts the living Animal, or had fome very eafie “ e 

or intercurrent juices, fuch as in all probability fill thofe n erj > . 

out dilacerating, brufing, or otherwife fpoiling the ex rc ( 
feems to be very much by the waysoftanning and dreffing nromd we 
might difeover a much more curious texture then I have hitherto been 
able to find , perhaps, fomewhat like that of Sponges. , . 

That of Chamotfi Leather is indeed very -much like that of spunk, lave 
onely that the filaments feem nothing neer fo even and round, nor d 
getherfo final!, nor has it fo curious pints as ^«*4>s, forae ofwtoc 
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have lately difeover’d like thofe of a Sponge, and perhaps all thefe three 
bodies may be of the feme kind offubftance, though two of them indeed 
are commonly accounted Vegetable ( which , whether they be fb or 
no I Jfhall not now dilpute) But this feems common to all three, that 
they undergo a tanning or dreffing, whereby the interfpers’d juices are 
wafted and wafh’d away before the texture of them can be difeover’d. 

What their way is of dreffing, or curing Sponges, l confefi, I cannot 
learn; but the way of dreffing Spunk, is, by boiling it a good while in a 
ftrong Lixivium, and then beating it very well ; and the manner of dref- 
fing Leather is diffidently known. 

It were indeed extremely defirable, if fuch a way could be found 
whereby the Parenchyma or flefh of the Mufeles, and feveral other 
parts of the bod,y might be wafifd, or wafted clean a way , without vitia- 
ting the form of x\\cfibrom parts or veflells of it, for hereby the texture 
of thofe parts, by the help of a good Microficope , might be moft accu- 
rately found. 

But to digrefi no further, We may, from this difeovery of the Micro- 
fiope, plainly enough underftand how the (kin, though it looks fo dole 
as it does, comes to give a pafiage to fb vaft a quantity of excrementitious 
fiibftances, as the diligent Sautforim has excellently obferved it to do, in 
his medicina fiatica ; for it feems very probable, from the texture after 
dreffing, that there are an infinit of pores that every way pierce it,and that 
thofe pores are onely fill’d with fome kind of juice, or fome very pulpy 
foft fobftance, and thereby the fleams may almoft aseafily find a paftage 
through fitch a fluid vehicle as the vaporous bubbles which are generated 
at the bottom of a Kettle of hot water do find a pafiage through that 
fluid medium into the ambient Air. 

Nor is the fkin ofartimals only thus pervious,but even thofe of vegetables 
alfo feem to be the fameffor otherwife I cannot conceive why, if two (prigs 
of Rofemary (for Inftance) be taken as exactly alike in all particulars as 
can be, ana the one btrfet with the- bottom in a Glais of water, and the 
other be fet juft without the Glafs,but in the’Air onely, though you flop 
the lower end of that in the Air very carefully with' Wax, yet (hall it 
prefently almoft wither, whereas the other that feems to have a fupplv 
from the fubjacent water by its fmall pipes, or micrcfcopical pores, pre- 
ferves its greennefs for many days, and fometimes weeks. 

Now, thisto me, feems not likely to proceed from any other caufe then 
(he avolthon of the ;uicc through the (kin; for by the Wax^ll thofe other 
porejofthelfcm ate very firmly and dofeiy (top'd up. And from the more 
or Jels poroulnefs of the fkins or rinds of Vegetables may, perhanT he 
fomewhat of the reafon given, why they keep longer greenfoffoonewi 
tei*! we may obfetvc by the bladdering and caking ofthe 
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fochas feema uideed very plainly to prove the 
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of Vegetables altogether mechanical, and as necefiary, that (water and 
warmth being apply 5 d to the bottom of the fprig of a Plant) fome of it 
fhould be carried upwards into the Orem, and thence diftributed into the 
leaves, as that the water of the Thames covering the bottom of the Mills 
at the Bridge foot of London , and by the ebbing aud flowing of it,, paf- 
ffine fttongly by them, ftiould have fome part of it convey d to the- 
Cefterns above, and thence into feveralhoufes and Cefterns up and down 
the City. 



Obfcrv. XXXIII. Of the Sales of a Soal, and other Fijkes. 

fo arc hey are both u&full and ornamental ,n all « compofuret, 
SinSing utile and duke together; and both thefe dcftgns « feem to 
follow tliough our unaffifted fenfes ate not able to pecetve them . his H 
m S nlnifeft in the coveting of this Fill, only, but in mul mudesof 
™e°" li“hk would be too long to enumerated* ? art.cularly that 

to } the naked eye, look’d very like a piece of 




Mjcrojcofe aucuvci u uidt 

ontheltack fide^ugS’an" ordinary hng.e Magnifying Cia% looi'd 

ment, fave the ufual order of tangmg lhE S ^ 

ouely the edges ften. d to ft, /and rare. it , Bat 

tail-wards towards the he > , ^ it ex hibited a moft cutioufly 

through an ordinaiy Magn \ ?, J ^. fible }n the f ei: ond Figure, each 
carved and adorned flu < » nerccP tible) Scales appearing much df the 

ofthofe (formerly almo P . P ^ an d protuberant, and fofitewhat 

S*E. liM K™ ‘thlwhole Scale bdngcLs'd wich^tilttgwd 



each tf thefe Scaler 
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of Vegetables altogether mechanical, and as neceflary, that (water and 
warmth being apply d to the bottom of the fprig of a Plant) fome of it 
Ihould be carried upwards into the Item, and thence diftributed into -the 
leaves, as that the water of the Thames covering the bottom of the Mills' 
at the Bridge foot of London , and by the ebbing and flowing of it , > paf- 
fling ftrongly by them, Ihould have fome part of it convey’d to the 
Cefterns above, and thence into feveral houfes and Cefterns up and down 
the City. 



Obferv. XXXIII. Of the Scales of a Soal, and other Fifhes. 

H Aving hinted fomewhat of the fkin and covering of terreftrial Ani- 
mals, I (hall next add an Obfervation I made on the fkin and Scales 
of a Soal, a fmall Fifh, commonly enough known 5 and here in Fifhes, as 
well as other Animals, Nature follows itsufual method, framing all parts* 
fo, as that they are both ufofull and ornamental in all its compoiures, 
mingling utile and dulce together; and both thefe defigns it feems to 
follow, though our unaflifted fenfes are not able to peceive them : This is 
not onely manifeft in the covering of this Fifh only, but in multitudes of 
6 thers,which it would be too long to enumerate, witnefs particularly that 
(mall Sand Shell, which I mention'd in the X I. Obfervation, and infinite 

other fmalt Shells and Scales, divers of which I have view’d. Thisfkinl 
view’d, was flead from a pretty large Soal, and then expanded and dry d, 
the infide of it, when dry, to the naked eye, look’d very like a piece of 
Canvafsimt the Mcrofcope difeover’d that texture to be nothmgelfe,but 
the inner ends of thofe curious Scolop’d Scales I, I, f in the fecond Figure 
of the XXI. Scheme, namely, the part of GGGG (of the larger retorts# 
fentation of a Angle Scale, in the firft Figure of the fame Scheme) which 
on the back fide, through an ordinary tingle Magnifying Clafs, lookd 

not unlike the Tylcs on an houfe. .... . . r 

The outfide of it, to the naked eye, exhibited nothing more of orra- 

oiiely the edges^m’d^httkf topline, ^efi^er b^ing r^^d^ftoimhe 
through an ° rdina ^^;f I feh g a f ; vifi ble in t he fecond Figt&e, each 

fhape I 3 I, I ? that is 3 tney wci 5 leas’d w j t h i»rfdh%*W3ivd 

fhap’d like aScolop, the who / q ki P furrows between 



Were very deeply fix’d, in 
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Ftoure The length and fhape of the part of the Scale which was buried, 
b/the flsimis evidenced by the firft Figure-, which is the.reprefentation of 
one of them pluck’d out and view’d through a goo & Microfcope, namely, 
the part LFG GFL, wherein is alio more plainly to be feen,the manner 
of carving of the fcolopt part of every particular Scale, how each ridge or 
barrEEE is alternately hollowed or engraven, and how every gutter 
between them is terminated with very tranfparent and hard pointed 
fpikes, and how every other of thefe, as A A A A, are much longer then 

the interjacent ones, DDD. , , 

The texture or form alfo of the hidden part appears, namely, the 
middle part, GGG, feemsto conftft of a great number of fmall quills 
or pipes, by which, perhaps, the whole may be nourilhed; and the fide 
parts FF con lift of a more fibrous texture, though indeed the whole 
Scale teem’d to be of a very tough grilly fubftance,Iike the larger Scales 
of other Fifties. 

The Scales of the fkin of a Dog-filh (which is us’d by fuchas workm 
Woodjfor the fmoothing of their work,and cpnfifts plainly enough to the 



appear’d each of them curioufty ridg’d, and very neatly carved 5 arid in- 
deed, you can hardly look on thefe ales of any Fifth, but you may difeover 
abundance of curiofity and beautifying; and not only in thefe Fifties, but in 
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Obfcrv, X X X 1 V, Of the Sting of a Bee, 
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T He Sting of a Bee, delineated jn the fecond Figured f the XVl.Sciienie^ 
feems to be a weapon of offence, aqd is as gre.at an hiftance, that 
Nature did realy intend revenge as any, and that firft, beeaufte there 
feems to be no other ufe of it. Secondly, by reafqn of its admirable fhape, 
Teeming to be purpofely fhap’d for that very end. ^Thirdly, from the vi- 
rulency of the liquor it eje&s, and the lad effe&s and ftymptoms that fol- 
low it. , 4 # {} A, -nr : ■ ■ / ' ' 

But whatever bp the nle of it, certain it js,that the ftru&ure of it is very 
admirable; what it appears to the naked eye* I need not deferibe, the 
thing being known almoft to every one,but it appears through the Micro- 
fcope, to confift of two parts, the one a (heath, .without a chape or top, 
ftiap’d almoft like the Holfter of a Piftol, beginning ay d, and ending 
at b, this (heath I could moft plainly perceive , tq'kihollow, arid to con- 
tain in it, both a Sword or Dart, and the poilonov&, liquor that caufes the 
pair,. The (heath or cafe feem d to have leveral joints or fettings. together, 
marked by/ ghih^lmno, it was arm’d moreoyet neer the top,, With fe- 
veral crooks or forks ( p q rft) on one fide, ahd-Cf* * p *) Q n the other, 
«ch of which fepflMi bh e fo many Thornsgrbwing On a briar, or rather 
like fo many Cats Claws; for the crooks theriifelyes.,feem’d:tobe little 
lharp tranlparent points or claws, growing on 
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the fide of the (heath, which, by obferving the Figure diligently, is eafie 
enough to be perceiv'd ; and from feveral particulars, I fuppofc the Ani- 
mal has a power of displaying them, and (hutting them in again as it 
pleafes, as a Cat does its claws, or as an Adder or Viper can its teeth 
or fangs. 

The other part of the Sting was the Sword, as 1 may (b call it, which 
is fheath'd,asit were, in it, the top of which ab appears quite through at 
the (mailer end, juft as if the chape of the (heath of a Sword were loft, 
and the end of it appear’d beyond the Scabbard ; the end of this Dartfa) 
was very (harp, ana it was arm’d likewife with the like Tenterhooks or 
claws with thofe of the (heath, fuch as ( v xy % xy % %) thefe crooks, I am 
very apt to think, can be clos’d up alfo, or laid fkttothefides of the 
Sword when it is drawn into the Scabbard,asl have feveral times obferv’d 
It to be, and can be fpred again or extended when ever the Animal 
pleafes. 

The confederation ofwhich’very pretty ftrufrure,has hinted to me, that 
certainly the ufeof thefe claws feems to be very confiderable, as to the 
main end of this Inftrtiment, for the drawing in, and holding the (ling in 
thefielb ; for the point being very (harp, the top of theStingor Dagger 
(a b) is very eafily thruft into an Animal’s body,which being once entred, 
the Bee, by endeavouring to pull it into the (heath, draws (by reafon of 
the crooks ( ® xy ) and ( xy %% ) which lay hold of the (kin on either 
lide) the top of the (heath ( tfrv ) into the lkin after it, and the crooks 
*, r, and r 3 being entred, when the Bee endeavours to thruft out the 
top of the fting out of thefheatb -again, .they lay hold of the (kin on ei- 
ther fide, and fo not ondy keep theftieath from Aiding back, but helps 
the top inwards, and thus, by an alternate and (uccefliveieti acting and 
emitting of the Sting in and out of the (heath, the little enraged creature 
by degrees makes hisrevengfull weapon pierce the tougheft andthickeft 
Hides of his enemies, in fo much that feme few of thefe flout and refo- 
lute foldiers with thefe little engines, do often put to flight a huge mafty 
Bear, one of their deadly enemies, and thereby (hew the world how 
much more confiderable in Warr a few flrilfull Engineers and refolute 
foldiers politickly order’d, that know how to manage fuch engines, are, 
then a vaft unweildy rude force, that confides in, and afts oncly by,its 
ftreneth. But (to proceed) that he thus gets in his Sting into the lkin, 
Iconje&ure, becaufe, when I have obferv’d this creature hvmg, I have 
found it to move the Sting thus, to and ffo,;and thereby alfo, perh^s, 

does, as Were, pump dr force out the poilonous liquor, and make it 

Jiang at the end of the (heath about b in a drop. The crooks, J fuppofc 
alfo to be the caufe why thefe angry creatures, haftily removrng them- 
felves from their rewfigebdo often leave thefe weapons behind thm, 
(beath’d, as Were,’ irttffleih; and, by that means, cmlci :h< ! “ 

fymptomsto be greatet^nd more l^&wi^arevc^^bl|^^ 
partly by th^piercmg'atid tearing of the (kin by the Sting, but chj 
by the corrofive anlpbtous liquor that is by ^ 
vey’d among the feiifirivdfparts thereof and thereby more eafily g ^ 
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^ corrode, thofe tender fin. : As I have (hewed in the defeription 
of a Nettk and of Cowhage. 



Obferv. XXX V, Of the contexture and fiapetf the particles of 
jpc3-tHcrs » 

^That ^e'onWMd'hir^^fth^^Hi and Stem 

oHmall bubbles, the films ofwhich feem to be of the fame fubftancc wi b 
that of the Quill, that is, of a ftiff tranfparent horny fubftance. 

Which particular. feems to me, very worthy a more fenous confideratwn. 
For here we may obferve Natures Were, put to |tsftufts,to make ? fob- 
ftance which (hall be both light enough, and very ftiff and ftiong,with ut 
varying from its own eftabliih'd principles, which we may obferve to be 
feeh foat very ftrong bodies are for the moft part very heavic alfo, a 
ftrength of the parts ufually requiring a denfity, and a denfity a giavity 
and therefore (hould Nature have made a body fo broad and fo ftrong .as 
a Feather, almoft,any other way then what it has taken, the gravit) c 
muft necefiarily have many times exceeded this s for this pith feems to be 
like fo many flops or croft pieces in a long optical tube, which do very 
much contribute to the ftrength of the whole, the pores of which were 
fuch, as that they feem’d not to have any communication withoneano- 

ther, as I have elfewhere hinted. . „ , , , 

But the Mechanifin of Mature is ulually io excellent^ that one and the 
fame (ubfcance is adapted toferve for many ends. For the chief ufe of 
this, indeed, feems to be for the fupply of nourilhment to the downy or 
feathery part oftheftem 5 for ’tis obvious enough in all forts of Feathers, 
that *tis plac’d juft under the roots of the branches that grow out of ei- 
ther fide of the quill or ftalk, and is exaftly (hap’d according to the rank- 
ing of thofe branches, coming no lower into the quill, then juft the be- 
ginning of the downy branches, and growing onely on the under fide of 
of the quill where thofe branches do fo. Now, in a ripe Feather (as one 
may call it'' it feems difficult to conceive how the Snccus miritius fliould 
be convey’d to this pith; for it cannot, I think, be well imagin’d to pate 
through .the ftibftance of the quill, fince, having examin’d it with the 
greateft diligence I was able, ! could not find the leaft appearance of 
pores; but he that (hall well examine an unripe or pinn’d Feather, will 
plainly enough perceive the Veflel for the conveyance of it to be the thin 
filmy pith (as tis call’d) which pafles through the middle of the quill. 
Asibr the make and contexture of the Down it felf, it is indeed very 
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i^and admirable, and fuch as I can hardly believe.that the like is to be 
difcover d in any other body in the world 5 for there is hardly a W 
Feather m the wing of a Bird, but contains neer a million ofdiftbftpam 
and every one of them lhapd in a moll regular & admirable form J a 2 
ed to a particular Defign : For examining a middle ciz’d Goofe-quilf I 
eafily enough found with my naked eye,that the main Item of it contain’d 
about 300. longer and more Downy branchings upon one fide, and a« 
m .? n y on the other of more ftiff but fome what fhorter branchings. Manv 
ot thefe long and downy branchings, examining with an ordinary M. 
cro/cope , I found divers of them to contain neer 1200. ftnall leaves fast 
may call them, fuch as E F of the firft Figure of the 23. Scheme') and as 
many (talks ; on the other fide, fcch as I K of the fame Figure, each of 
the leaves or branchings, E F, feem’d to be divided into about fixtecn or 
eighteen final! joints, as may be feen plainly enough in the Figure, out of 
molt of which there feem to grow final! long fibres , fuch as are exprefs’d 
in the Figure, each of them very proportionally lhap’d according to its 
pofition, or plac’d on the ftalk E F 5 thofe on the under fide of it, name* 
ij 5 5 7 s 9 s being much longer then thofe directly 00- 
pohte to them on the upper 3 and divers of them, fuch as 2,3 4 5 6 7 8 0 
&c. were terminated with fmall crooks, much refembling thofe final! 
crooks, which are vifible enough to the naked eye, in the feed-buttons of 
Bur-docks. The (talks likewile, IK on the other fide, feem’d divided into 
neer as many fmall knotted joints, but without any appearance of firings 
or crooks, each of them about the middle K, feem’d divided into two parts 
by a kind of fork, one fide of which, namely, K L, was extended neer 
the length of K.I, the other, M, was very lhort. 

The tranlverfe Se&ions of the ferns of thefe branchings, manifefted 
the lhape or figure of it to be much like I N O E, which confirted of a 
horny Ikin or covering, and a white feemingly frothy pith, much like the 
make of the main ftem of a Feather. 

Theufe ofthisftrange kind of form, is indeed more admirable then all 
the reft, and fuch as deferves to be much more ferioufly examin’d and 
confider’d, then I have hitherto found time or ability to do 3 for certain- 
ly, it may very much inftruft us in the nature of the Air, elpecially as to 
fome properties of it. 

t The fiems of the Downy branches INGE, being rang’d in the order 
vifible enough to the naked eye, at the diftance of X F, orfomewhat 
more, the collateral ftalks and leaves (if I may lb call thofe bodies I new- 
ly deferibed) are fo rang’d, that the leaves or hairy ftalks of the one fide 
lie at top, or are incumbent on the ftalks of the other, and crofi each 
other, much after the manner exprefs’d in the fecond Figure of the 
23. Scheme , by which means every of thofe little hooked fibres of the 
leaved ftalk get between the naked ftalks, and the ftalks being full of 
knots, and aprety way disjoin’d, fo as that the fibres can eafily get be- 
tween them, the two parts are fociofely and admirably woven together, 
that it is able to impecle,fbr the greateftpaft, the tranfeurfion of the Air 5 
and though they are lb exceeding final!, as that the thicknels of one of 

thefe 
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crojcope , 1 found divers of them to contain neer 1200 fimll u,,„ / , 
may call them,fucha s EF of .he firft Figure rflKffl' 1 
many (talks son the other fide, fuch as IK of the fame 3 Figure each rf 

etbSrt-" IK"*'" 85 ’ E ¥'? 1 ' d to be divided into a&ut&ttS ~ 

eighteen fmall joints, as may be feen plainly enough in the Figure nm c 
moll: of which there feem to grow fmall long fibres, fuch as are exnref M 
Jtithe Figure, each of them very proportionably lhap'd according to its 
pofition, or plac d on the ftalk E F 5 thofe on the under fide of it^am? 

inf 1 / \ 9 \ 4 ’ 5 ’ 65 U 85 95 6 ' c ' being much Ion 8 er then thofe direftly od 
pofite to them on the upper 3 and divers of them, fuch as 2,2,4 < 6 ?»T 

foV Ver K-T mina -ri With (h l a11 Crooks > much tefembling^hofeS 

10 the nakede ^ ^ the feed-buttons of 

ur docks. The balks likewife, I K on the other fide, feem’d divided into 

neer as many fmall knotted joints, but without any appearance offtrin® 
or crooks, each of them about the middle K,feem’d divided into two part 
by a kind of fork, one fide of which, namely, K L, was extended neer 
the length of K I 3 the other 3 M 5 was very fhort. 

The tranfverfe Se&ions of the Items of thele branchings, manifefted 
the fhape or figure of it to be much like I N O E, which confifted of a 
horny 1km or covering, and a white feemingly frothy pith, much like the 
make of the main Item of a Feather. 

The ule of this Arrange kind of form, is indeed more admirable then all 
the reft, and fuch as aelerves to be much more lerioully examin’d and 
confider’d, then I have hitherto found time or ability to do ; for certain- 
ly, it may very much inftru<ft us in the nature of the Air, efpecially as to 
lome properties of it. 

4 The ftcms of the Downy branches I N O E, being rang’d in the order 
vifible enough to the naked eye, at the diftancc of I F, orfomewhat 
more, the collateral ftalks and leaves (if I may lb call thole bodies I new- 
ly delcribed) are lb rang’d, that the leaves or hairy ftalks of the one fide 
lie at top, or are incumbent on the ftalks of the other, and croli each 1 •< 
other, much after the manner exprels’d in the lecond Figure of the 
23. Scheme, by which means every of thole little hooked fibres of the 
leaved ftalk get between the naked ftalks, and the ftalks being full of 
knots, and a prety way disjoin’d, lb as that the fibres can eafily get be- 
tween them, the two parts are fo clofely and admirably woven together, 
that it is able to impede,for the greateft paj t, the tranfcurfion of the Air 3 
and though they are lb exceeding finall, as that the thickncls of one of 

thefe 
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fo^ong'ate X ture,a^nonv ^ b | ftrengthi0 f t he. Birds wing, they 
beating ot them gp ^ argQts an admirable providence of Nature 
firmly hold tog ^ 0 f;tbem for. their texture is fuch, that, 

in the contrivance a * the-naitstOfithem are violently dif-joyn dp 
r 0U fl 1 .tri“STnd ftall^sioudrnoti one another. and Wntow#; 

would impede d* Ktdi%ing 5 wfo-Aemott- 

feveralot theieren J . * , an( j re . eon tex tliemfel ves>and are 

part, of themfeN J ). . * p_ • or dr-awingit through its Bill i all 

eafily by the Bir s i g . Q . their former and natural pofturej for 
0 f them final! fir.es- in the under, fide 

ofthe 1 nd moll of them have fuch little crooksatthcirendyhat 

" “ttem? “doud.to fuppofe there 
} JSttkind of nidh or hole fofmall, that the Air will not very ea% 
SSSiBh it, as I hinted alfo in the fixth Obfervation about fmallGlais 
Ses Z otherwife kfeera^obabie, that Nature would have dmwrt 
over feme kind of thin film which fhould have covered all thole almoft 
fouare mefhes or holes, there fuming through the ^r#^tobetnore 
Sen half of thefurfece of the Feather which is opea and vifibly pervi- 
ous * which conieftnre will yet feetn more probable from the texture of 
the brnlnie wings ofthe Limaargevtta, or white Feather wing d moth, 
which I lhail anone deferibe. But. Nature, that knows beft itsown laws, 
and thefcveral properties o£bodie$,knows alfo belt how to adapt and: fit 
them to her defigned ends, and wholo would know thole propeities, muni 
endeavour to trace Nature in its working* and to fee what conrfe (he 
obferves. And this I fuppofe will he no inconfiderable advantage which 
the Schemutifmi and Structures of Animate bodies will afford the ddlk 
gent enquirer, namdy^moft lure; and excellent inftru&ions, both as ta 
lie pra&ical part of Mechanicks andto t he iheorjlm^ knowledge of the 
nature of the bodies and motions. 
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Gbferv. XXXVI. Of Pcacoks, Ducks, and other Feathers of 

■ . . 

T^He parts of the Feathers of this glorious Bird, appear, through the 
' t Murofcopt^ no lefs gaudy then do the whole Feathers, for, as to the 
naked eye ’tis evident that the ftem or quill of each Feather in the tail 
fends tnit multitudes of Lateral branches, luch as A B in the third Figure 
ofthe 23. Scheme represents a ftnall part of about ^ part of an Inch long, 
and eachof the branches emit multitudes of little Iprigs, threads 
or -hairs on either fide of them, fuch ae C D, C D, C D, lb each of thofe 
threadsinthe^crc/ciJpe appears a large long body,confifnng of a piultF 
i'vb ’ ’ trade 
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tude of bright reflefting parts, whole Figure tis no eafie matter to J 
termine, ashe that examines it (hall find; for every new pcSdonof;/'' 
the light makes it perfectly feem of another form and foape and notlii t0 

jJj? r ap P ea / d ? llttl< r bep ore5 nay, it appear'd very differing 
times fromfo feemingly fconfiderable a circumftance, that the £’ 
p° mg of ones hand between the light and it, makes a very great change 
and the opening or Glutting a Cafement and the like, very much diveffi 
lies the appearance And though, by examining the form of it verymanv 
ways, which would be tedious here to enumerate, I fuppofe I have dir 
cover d die true Figure of it, yet oftentimes, upon looking on it in JL 
ther pofture, I have almoft thought my former obfervations deficient 
though indeed, upon further examination, I have found even thofealfi! 
to confirm them. 

Thefe threads therefore I find to be a congeries of final! Lamina or 
plates, as e t e e e, &c. each of them Ihap’d much like this of abed m 
the fourth F^«re, the part a c being a ridge, prominency, orftem, and 

and d the corners of two fmall thin Plates that grow unto the final! 
iraJk in the middle.fo that they make a kind of little feather; eachofthefi* 
Plates lie one clofe to another,aImoft like a company of Hoping ridee 
cutter Tylesj they grow on each fide of the ftalk oppofite to one another 

3nd l W °’ t0p t0 botton h> in the manner exprefi’d in the 
htth figure, the tops of the lower covering the roots of the next above 
them ; the under fide of each of thefe laminated bodies, is of a very dark 
and opacous fubftance, and fuffers very few Rays to be traje&ed, but re* 
neers them all toward that fide from whence they come, much like the 
foil of a Looking-glals j but their upper (ides feem to me to confift of 
a multitude of thin plated bodies, which are exceeding thin, and lie ve- 
ry clofe together, and thereby, like mother of Pearl Ihells, do not one- 
ly refleft a very brilk light, but tinge that light in a moft curious man- 
ner 5 and by means of various pofitions, in refiped of the light, they re- 
flea back now one colour, and then another, and thofe moft vi- 
vidly. 

Now, that thefe colours are onelyfimtaficatoncs, that is, fuchas arife 
immediately from the refradionsof the light, I found by this, that water 
wetting thefe colour'd parts,deftroy’d their colours, which feem’d to pro- 
ceed from the alteration of the refledion and refradicn. Now, .though 
I was not able to fee thofe hairs at all tranfparent by a -common light, yet 
by looking on them againft the Sun, I found them tb be ting’d with a 
darkilh red colour, nothing a-kin to the curious and lovely greensand 
blues they exhibited. 

What the reafon of colour feems to be in fuch thin plated bodies, I 
have clfewhere (hewn. But how water call: upon rhofe,threads deftroys 
their colours, I fuppofe to be perform’d thus 5 The water falling upon 
thefe plated bodies from its having a greater congruity .to Feathers then 
the Air,infinuates it felf between thofe PIates,and fo extrudes theftrODg 
refleding Air, whence both thefe parts grow more tranfparent, as the 'Mi- 
crofcepe informs, and colourleis alfo, at beft retaining, a very faint and 
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dull colour. But this wet being wafted away by the continual evapora- 
tions and fteams that pafs through them from the Peacock, whil ft that 
Bird is yet alive, the colours again Appear in their former lufter the m 
terjiitil of thefe Plates being fiffd with the ftrongly refe&PgAif* . 

The beauteous and vivid colours of the Feathers of this Bird, being 
found to proceed from the curious and exceeding fmalhefs and finenels 
of the refleding parts, we have here the reafon given us of all thofe gau- 
deries in the apparel of other Birds alfo, and how they come to exceed, 
the colours of all other kinds pf Animals, befides Infeeds 5 for fince (as we 
here and clfewhere alfo fhe\v) the viyidnef? of a colour, depends upoii 
the finenels and tranfpareney of the refleding and refracting parts, and 
fince our Murofiope difeovers to us, that the component parts of feathers 
are fuch, and that the hairs of Animals are otherwife ; and fince we find 
alfo by the Experiment of that Noble and moft Excellent Perfon I former- 
ly named 5 that the difference between Silk and Flax, as to its colour, is 
pothing elfe (for Flax reduc’d to a very great finenels of parts, both 
white and colour’d, appears as white and as vivid as any_ Silk, butlofes 
that brightnefs and its Silken afped as foon as it is twifted into thread,by 
reafon that the component parts, though very Imall and fine, are yet pli- 
able flakes, and not cylinders, and thence,by twifting, become united in- 
to one opacous body, whereas the threads of Silk and Feathers retairt 
their luftre, by preferring their cylindrical form intire without mix- 
ing} fo that each refle&ed and refraifted beam that compofes theglols 
of Silk, preferves its own property of modulating the light intire) } And 
fince we find the lame confirm’d by many other Experiments elfewhere 
mentioned, I think we may fafely conclude this for an Axipme, that 
wherefoever we meet with tranfparent bodies, fpun out into very fine 
parts, either cleer, or -any ways ting’d, the colours refulting from luch a 
compojition muft neceflarily be very glorious, vivid, and cleer, like thofe 
of Silk and Feathers. This may perhaps hint iome ufefull way of making 
other bodies, befides Silk, be fofceptible of bright tindures, but of this 
onely by the by. 

^ The changeable colour’d Feathers alfo of Ducks, and feveral other 
Birds, I have found by examination with my Microfcope , to proceed from 
much the feme caufes and textures. 



Obferv. KXXV1I* Of the Feet of Flies, and feveral other In* 
lefts. 

T He foot of a Fly (delineated in thefirft Figure of the is. Scheme 
which reprefents three joints, the two Tallons, and the two Pattens 
in a flat pofture } and in the fecond Figure of the fame Scheme, which re- 
prefents onely one joint, the Tallons and Pattens in another pofture) is 
ot a moft admirable and curious contrivance, for by this the Flies are in- 
abledto walk againft thefides of Glafs, perpendicularly upwards, and to 

^ 3 contain 
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contain themfelves in that ppfture as long as they pleafe;nay,to walkand 
lufpend themfelves againft the under furface of many bodies, as the ceiling 
of a foom, or the like, and this with as great a feeming facility and firn> 
nefs, as if they were a kind of Antipodes , and had a tendency upwards, as 
we are fare they have the contrary, which they alfo evidently difcover 
in that they cannot make themfelves fo light, as to flick or fufpend them- 
felves on the under furface of a Glafs well poliih’d and cleans’d 5 their 
iufpenfi on therefore is wholly to be afcrib’d to fome Mechanical contri- 
vance in their feet ; which, what it is, we (hall in brief explain, by Ihew- 
ing, that its Mechanifm confifts principally in two parts, that is, firftits 
two Claws, or Tallons, and fecondly, two Palms, Pattens, or Soles. 

The two Tallons are very large, in proportion to the foot, and hand- 
fomly fliap’d in the manner defcifb’d in the Figures, by AB, and AC, 
the bigger part of them from A to dd, is all hairy, or brifled, but to- 
ward the top, at C and B fmooth, the tops or points, which feem very 
fharp turning downwards and inwards, are each of them mov d on a joint 
at A, by which the Fly is able to open or fhutthemat pleafure,fothat 
the points B and C being entered in any pores, and the Fly endeavouring 
to fhut them, the Claws not onely draw one againft another, and fofaften 
each other, but they draw the whole foot, G G A D D forward, fothat 
oil a foft footing, the tenters or points G G G G, (whereof a Fly has about 
ten in each foot, to wit, t wo in every joint) run into the pores, if they find 
any, or at leaft make their way ; and this is fenfible to the naked eye, in 
the feet ofa Chafer, which, if he be fuffefd to creep over the hand, 01 
any other part of the fkin of ones body, does make hie fteps as fenfible to 
the touch as the fight. 

But this contrivance,as it often fails the chafer , when he walks on hard 
and clofe bodies, fo would it alfo our Fly, though he be a much Idler, 
and nimbler creature, and therefore Nature has furnifh’d his foot with 
another fddit ament much more curious and admirable, and that is, with 
a couple of Palms, Pattens or Soles D D, the ftrudture of which is this : 

From the bottom or under part of the laft joint of his foot, K, arife 
two {mail thin plated horny fubftances, each confifting of two flat pieces, 
D D, which feem to be flexible, like the covers ofa Book, about F F, by 
which means, the plains of the two fides E E,(do not always lie in the fame 
plain, but may be fometimes fhut clofer, and fo each of them may take a 
little hold themfelves on a body; but that is not all ,for the under fides of 
thefe Soles are all befet withfmall briflesj or tenters, like the Wire teeth 
ofa Card uied for working Wool, the points of all which tend fer- 
wards, hence the two Tallons drawing the feet forwards, 3sl before 
'hinted, and thefe being applied to the furface of the body with all the 
points looking the contrary way, that is, forwards and outwards, it there 
be any irregularity or yielding in the iurface of the body, the Fy 11 
fpends it felfvery firmly and ealily, without the accefs or need of any iuc 
Sponges fill’d with an imaginary gluten , as many have, for want of goo 
Glafies, perhaps, or a troublefome and diligent examination, topposo- 
Now, that the Fly is able to walk on Glafs, proceeds partly tr0 ® 
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contain themfelves in that pofture as long as they plea(e,nay,to walk and 
fufpend themfelves againft the under furface of many bodies, as the ceiling 
of a (room, or the like, and this with as great a feeming facility and firm- 
nefs, as if they were a kind of antipodes, and had a tendency upwards, as 
we are fore they have the contrary, which they alfo evidently difeover 
in that they cannot make themfelves fo light, as to ftiek or fufpend them- 
felves on the under furface of a Gla(s well polilh’d and cleans’d $ their 
fufpenfi on therefore is wholly to be aferib’d to fome Mechanical contri- 
vance in their feet $ which, what it is, we (hall in brief explain, by (hew- 
ing, that its Mechanifm confifts principally in two parts, that is, firft its 
two Claws, orTallons, and fecondly, two Palms, Pattens, or Soles. 

The two Tallons are very large. In proportion to the foot, and hand- 
fomly fhap’d in the manner deferib’d in the Figures , by A B, and AC, 
the bigger part of them from A to dd, is all hairy, or brilled, but to- 
ward the top, at C and B fmooth, the tops or points, which feem very 
(harp turning downwards and inwards, are each of them mov’d on a joint 
at A, by which the Fly is able to open or (hut them at pleafure,lbthat 
the points B and C being entered in any pores, and the Fly endeavouring 
to (hut them, the Claws not onely draw one againft another, and fo faften 
each other, but they draw the whole foot, G G A D D forward, (bthat 
on a foft footing, the tenters or points G G G G, (whereof a Fly has about 
ten in each foot, to wit, two in every joint) run into the pores, if they find 
any, or at lead make their way } and this is fenfible to the naked eye, in 
the feet of a Chafer, which, if he be fuffer’d to creep over the hand, or 
any other part of the (kin of ones body, does make his fteps as fenfible to 
the touch as the fight. 

But this contrivance, as it often fails the Chafer , when he walks on hard 
and clofe bodies, fo would it alfo our Fly, though he be a much lelfer, 
and nimbler creature, and therefore Nature hasfurnifti’d his foot with 
another additament much more curious and admirable, and that is, vvith 
a couple of Palms, Pattens or Soles D D, the ftrudture of which is this: 

From the bottom or under part of the laft joint of his foot, K, arife 
two final 1 thin plated horny fubftances, each confiding of two flat pieces, 
D D, which feem to be flexible, like the covers of a Book, about F F, by 
which means, the plains of the two fides E E,*do not always lie in the fame 
plain, but may be fometimes (hut clofer, and fo each of them may take a 
little hold themfelves on a body:, but that is not all,for the under fidesof 
thefe Soles are all befet withfmall brides, or tenters, like the Wire teeth 
of a Card tiled for working Wool, the points of all which tend for- 
wards, hence the two Tallons drawing the feet forwards, as I before 
‘hinted, and thefe being applied to the furface of the body with all the 
points looking the contrary way, that is, forwards and outwards, it there 
beany irregularity or yielding in the furface of the body, the Fly w- 
fpends it felfvery firmly and ealily, without the accefs or need otany luen 
Sponges fill’d with an imaginary gluten , as many have, for want o( gooa 
Glaiies, perhaps, or a troublelome and diligent examination, iupposa-^ 
Now, that the Fly is able to walk on Glafs, proceeds partly (rom lome 
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ruoocdnefiofthedirfiicc! and chiefly from a kind of tarnift, or dirty 
fmoaky fubftance, which adheres to the furface of that very hard body 5 
and though the pointed parts cannot penetrate the fubftanee ofGIalkyet 
may they find pores enough in the tarnift, or at leaf!: make them. 

This Stru&ure I fomewhat the more diligently fm vey’d, becanfe I 
could not well comprehend, how, if there were fuch a glutinous matter 
in thofe fiippofed Sponges, as mod (that have obferv'd thatObjeft in a 
Microjcope ) have hitherto believ'd, how, I fay, the Fly could fo readily un- 
glew and loofen its feet : and, becaufe I have not found any other crea- 
ture to have a contrivance any ways like it j and chiefly, that we might 
not be cad upon unintelligible explications of the Phenomena of Nature, 
at lead others then the true ones, where our fenfes were able to furnifh 
us with an intelligible, rationall and true one. 

Somewhat a like contrivance to this of Flics ftall we find in mod other 
Animals, fuch. as all kinds of Flics and calc- wing'd creatures, nay, in a 
Flea, an Animal abundantly fmaller then this Fly. Other creatures, as 
Mites, the Land-Crab, &c. have onety one fmail very ftarp Tallon 
at the end of each of their legs, which all drawing towards the center or 
middle of their body, inablethefe exceeding light bodies tofufpend and 
fatten themfclves to almod any furface. 

Which how they are able to do, will not feera drange, if we confider, 
fird, how little body there is in one of rhefe creatures compar’d to their 
fuperficies, or outfiae, their thicknefe, perhaps, oftentimes, not amounting 
to the hundredth part of an Inch : Next, the ftrength and agility of thefe 
creatures compar’d to their bulk, being, proportionable to their bulk, 
perhaps, an hundred times dronger then an Horfe or Man. And thirdly. 



if we confider that Nature does always appropriate the indruments, fo 
as they are the mod fit and convenient to perform their offices, and th< 
mod dm pie and plain that poflibly can be ^ this we may lee further veri 
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fy d allbin the foot of a Loufe which is very much differing from thofe I 
have been deferibing, but more convenient and neceflary for the place 
ofits habitation, each ofhisleggs being footed with a couple of final I 
claws which he can open orfhutat pleafure, ftap’d almod like the claws 
of aLobder or Crab,but with appropriated contrivances for his peculiar 
ule, which being to move its body to and fro upon the hairs of theerca- 
ture it inhabits. Nature hasfurnift’d one of its claws with joints, almod 
ike the joints of a mans fingers, fo as thereby iris abletoencompafsor 
grafp a hair as firmly as a man can a dick or rope. 

Nor, is there a Ids admirable and wonderfull MechaniCm in the foot 
cnrlTr, ; vhereby , he is abIe to ¥*> weave, and climb, or run on his 
SXimal 5fparent C CWj wh i chI fkall lay more in the deferipuon of 

And to conclude^ we fhall in all things find, that Nature does not 

OUS L w°en 2^ft hani ? IIy ’ but by fuch exce llent and modcompendh 

were ^ipeffible fbrall 

that lhnnld Ll h ° r d “ find . out an Y contrivance to do the lame thing 
mould have more convenient properties. And can any be fo fottift. 
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as to think all thofe things the produftions of chance? Certainly 
ther their Ratiocination fflufl be extremely depraved, or they did nevr»r 
attentively confider and contemplate the Works of the Al-mighty* 



Obferv. XXXVIII. fif the Strufture and motion of the Wim s 
(f Flics. 6 

TpHe Wings of all kinds of Infects , are , for the molt part, verv 
beautifull Objects, and afford no lets pleating an Object to the mind 
to (peculate upon 3 then to the eye to behold. This of the blue Fly, among 
the reft, wants not its peculiar ornaments and contrivances ? it grows 
out of the Thor ax ^ or middle part of the body of a Fly, and is feated a 
little beyond the center of gravity in the body towards the head, but 
that Excmtricly is curioufly balanc’d ? firft, by the expanded Area ofthe 
Wings which lies all more backwards then the root, by the motion of 
them, whereby the center of their vibration is much more backwards to- 
wards the tail of the Fly then the root of the wing is. What the vibra- 
tive motion ofthe wings is, and after what manner they are moved, I 
have endeavoured by many trials to find out : And for the firft manner 
of their motion, I endeavoured to obferve feveral of thole kindoffmal! 
fp inning Flies, which will naturally fufpend themfelves, as it were, pois’d 
and fteady in one place of the air, without riling or falling, or moving 
forwards or backwards , for by looking down on thofe, I could by a kind 
of faint fhadow, perceive the utmoft extremes of the vibrative moti- 
on of their wings, which Ihadow, whifft they lb endeavoured to lufpend 
themfelves, was not very long, but when they endeavour’d to flie for- 
wards, it was fomewhat longer ; next, I tned t it,by fixing the leggs of a Fly 
upon the top ofthe ftalkof a feather, with Clew, Wax, &c. "and then 
making it endeavour to flie away j for being thereby able to view it in 
any pofture, I collected that the motion of the wing was after this man - 
ner. 1 he extreme limits of the vibrations were ufually fomewhat about 
the length of the body diftant from one another, oftentimes fliorter,and 
fometimes alfo longer 5 that the formoft limit was ufoally a little above 
the back, and the hinder fomwhat beneath the belly 5 bet ween which two 
limits, if one may ghels by the found, the wing feem’d to be mov’d for- 
wards and backwards with an equal velocity : And if one may (from the 
Ihadow or faint reprefentationthc wings afforded, and from the confide- 
ration of the nature of the thing) ghels at the pofture or manner 
of the wings moving betweeen them, it feem’d to be this ; The wing 
being fuppos’d placed in the upmoft limit, feems to be put fb that the 
plain of it lies almoft horizontal^ but onely the forepart does dip a little, 
or is fomewhat more depreft 5 in this pofition is the wing vibrated 
or mov’d to the lower limit, being almoft arrived at the lower li- 
mit, the hinder part of the wing moving fomewhat fafter then the 

former, 
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former, the Area of the wing begins to dip behind, and in that pofttfr<? 
feems it to be mov’d to rhe upper limit back again, and thence back 
again in the firft pofture, the former part of the Area dipping again,as it is 
moved downwards by means of the quicker motion ofthe main ftem 
which terminates or edges the forepart of the wing. And thefe vibrati- 
ons or motions to and fro between the two limits leem lb fwift, that tis 
very probable (from the found it affords, if it be compar’d with the vi- 
bration of a mufical firing, tun’d unifon to it) it makes many hundreds, 
if not fome thoulands of vibrations in a fecond minute of time. And, if 
we may be allow’d to ghels by the found, the wing of a Bee is yet more 
fwift, forthe tone is much more acute, and that, m all likelihood, pro- 
ceeds from the exceeding fwift beating ofthe air by the fmall wing. 
And it leans the more likely too, becaufe the wing of a Bee is left in pro- 
portion to its body, then the other wing to the body of a Fly 5 fo that for 
ought I know, it may be one of the quickeft vibrating (pontaneotts moti- 
ons of any in the world } and though perhaps there may be many Flies in 
other places that afford a yet more ibrill noife with their wings, vet tis 
moft probable that the quickeft vibrating motion is to be 
found in the wing of fome creature. Now, if we confider the exceeding 
quteknefs of thefe Animal fpirirs that muft caufe thefe motions, we cannot 
chuft but the exceeding vmdneft of the governing faculty or 

which is able to dilpofe and regulate fo the the mo- 
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a quilly or finny fubftaoce,confiftmg of fevcral long, (lender and variously 
bended quills or wires, fomething refembling the veins of leaves \ thefe 
are, as Were, the finns or quills which ftiffen the whole Area, and keep 
the other part diftended, which is a very thin tranfparent (kin or menu 
brane varioudy folded, and platted, but not very regularly, and is be- 
fides exceeding thickly beftuck with innumerable (mall brides, which 
are onely perceptible by the bigger magnifying Microfcope 3 and not 
with that neither, but with a very convenient augmentation of fey. 
light projected on the Object with a burning Glafs, as I have clfewhere 
ftiew'd, or by looking through it againft the light. 

In (feed of thefe fmall hairs, in feveral other Flies, there are infinite of 
final! Feathers, which cover both the under and upper fides of this thin 
film as in almoft all the (brts of Butterflies and Moths: and thofe (mail parts 
are not onely ftiap’d very much like the feathers of Birds, but like thofe 
variegated with all the variety of curious bright and vivid colours ima- 
ginable $ and thofe feathers are likewife fo admirably and delicately 
rang’d, as to compofe very fine flourifliings and ornamental paintings,like 
Turtle and Terjlan Carpets,but of far more furpafiing beauty, as is evident 
enough to the naked eye, in the painted wings of Butterflies, but much 
more through an ordinary Microfcope. 

Intermingled likewife with thefe hairs, may be perceived multitudes 
of little pits, or black (pots, in the exended membrane, which feem to be 
the root of the hairs that grow on the other fide , thefe two bodies feem 
dilpers’d over the whole furface of the wing. 

Tfie hairs are bed perceiv’d, by looking through it againft the light, 
or, by laying the wing upon a very white piece of Paper, in a conve- 
nient light, for thereby every little hair moft manifeftly appears ; a 
Specimen i of which you may obferve drawn in the fourth Figure of 
the 23. Scheme , A B, CD, EF whereof reprefent feme parts of the 
bones or quills of the wing, each of which you may perceive to be 
cover’d] over with a multitude of (bales, or brides , the former A fi, 
is the biggeft ftem of all the wing, and may be properly enough call’d 
the cut-air, it being that which terminates and ftiffehs the formoft edge 
of the wing 5 the fore-edge of this is arm’d with a multitude of little 
brides, or Tenter-hooks, in feme (landing regular and in order, in 
others not 5 all the points of which are dire died from the body to- 
wards the tip of the wing*, nor is this edge onely -thus fring’d, but 
even all the whole edge of the wing • is cover’d with a fmall fringe, 
confiding of (hort and more (lender brides. 

This Sqbjetft, had I time, would afford excellent , matter for the con- 
templation of the nature of wings and of flying $ but,becaufelniay, 
perhaps, get a more convenient time to profecute that fpeculattom ana 
recollect feveral Obfervaftonsthat I have made of that particular. I mall 
at prefent proceed to 
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Obfci'V. XXX] X. Ofthe Eyes and Head of : aGrey drorie-FIy. 
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I flender body in proportion to it, and cutting QtWHead* 1 hx d. it, wjth 
the forepart or face upwards upon my Object Plate, (this 1 made choice 
of rather then the headofa great blue Fly,beciiufc my, enquiry being: now 
about the eyes, I found thistly to 'have, fii.tt the biggeft clutters of eyes 
in proportion toliis head, ofariy fmall kind of tlythat.I havcyet feen, it 
being lomewhat inclining towards the make of the large Dragon-Flies. 
Next, becauie there is a greater variety in the knobs or balls of each 
el utter, then is of any fmall Fly) Then examining it according to my ufual 
manner, by varying the degrees of light,, and altering its pdirion to each 
kind e of light, I drew that reprefehtat ion of it which is delineated in 
the 24. Scheme, and found thefe things .to be as plain and evident,- as 
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but tWO large alio f/r uuiivnc5,ui is,.n u vj is L/n, L u<_ 

furface of each of which was all cover'd over, or lhap'd into a. multitude 
of fmall He&tifpheres, plac'd in a tnago?ial order, that being the clofett and 
moft com patted, and in that order, tang’d over the whole furface Of the 
eye in very lovely row^between each of which, as isneceflary, were left 
Jong and regular trenches, the bottoms of every of which, were perfectly 
intire^nd not at all perforated or drill'd through, which I mott certainly 
was allured of, by the regularly refledted Image of certain Objects which 
I mov’d to and fro between the head and the light. And by examining 
the Cornea or outward fkin, after I had ttript it off from the feveral fub- 




the light. 

Next, thatofthofe multitudes of Hcmifphcres, there were obfervable 
two degrees of bignefs, the half of them that were lowermoft,and look'd 
toward the ground or their own leggs, namely, CD E, CDE being a 
pretty deal imaller then the other, namely, A B CE, A B C E, that look'd 
upward, and fide-way^or foreright, and backward, which variety I have 
not found in any other ifnall Fly. 

Thirdly, that every one of thefe Hemijpheres,as they feem’d to be pret- 
ty neer the true fhape of a Hemjphere, fo was the furface exceeding 
imooth and reguiar, refledting as exadt, regular, and perfect an Image of 
any Objedtfrom the furface of them, as a fmall Ball of Quick-filver of 
that bignefs would do, but nothing neer fo vivid, the retted! ion from thefe 
bemg very languid, much like the reflection from the outfide of Water, 
Wals, Cryftal,m-. In fo much that in each of thefe HemifpheresA have 
been able to difeover a Land-fcape of thofe things which lay before my 

window. 
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Obfcrv. X X X 1 X. Of the Eyes and Head of a Grey drone-Fly, 
and of fever al other creatures. 



i<\TO 



T took a large grey ■ Drove-Fly, that had a larg<?;fee4ds --blit a 4 n d 
I flender body in proportion to it, and cutting off rjt.sihfcad, I fix d. 
the forepart or face upwards upon my Object Plate, (this l made choice 
ofrather then the headofa great blue FlyJ^caufftmy.fiitouiry being now 
about the eyes, I found this Fly to have, in. ft the biggeft clufkrs of eyes 
in proportion to his head, of any fmall kind of t lythat.I haveyet feen, it 
being fbmewhat inclining towards the make of the large Dragonflies. 
Next, becaufe there is a greater variety in the knobs or balls of each 
duller, then is of any fmall Fly) Then examining it according to my ufual 
manner, by varying the degrees of light, and altering its pofition to each 
kinde of light, I drew that reprefentation of it which is delineated in 
the 24 . Scheme , and found thefe things to be as plain and evident,- as 
notable and pleafant. 

Firjl t that fhe'greateft part ofthe face,nay,of the head, was nothing elfe 
but two large ana protuberant bunches, or promincntpSits, A B C D E A, the 
furface of each of which was all cover’d over, or fhap’d into a. multitude 
of fmall Hen/ijpheres,p]acd in a iriagonal order, that being the clofejft and 
moft eompadted, and in that order, rang’d over the whole furfaCe Of the 
eye in very lovely rows,betwecn each of which, as isneceflary, were left 
long and regular trenches, the bottoms of every of which, were perfectly 
intire.and not at all perforated or drill’d through, which I moff certainly 
was allured of. by the regularly refledted Image of certain Objects which 
I mov’d to and fro between the head and the light. And by examining 
the Cornea or outward fkin, after I had Itript it off from the feveral fob- 
fiances that lay within it,and by looking both upon the infide and againft 
the light. 

Next , that of thofe multitudes of Hcntifphcres , there were obfervable 
two degrees of bignefs, the half of them that were lowermoft, and look’d 
toward the ground or their own leggs, namely, CD E, CDE being a 
pretty deal fmaller then the other, namely, A B CE, A B C E, that look’d 
upward, and fide*ways,or foreright, and backward, which variety I have 
not found in any other fmall Fly. 

Thirdly, that every one of thefe Hemifpheres^s they feem’d to be pret- 
ty neer the true fhape of a Hcn/ifphere , fo was the furface exceeding 
Imooth and regular, reflecting as exadt, regular, and perfedt an Image of 
any Objedt from the furface of them, as a fmall Ball of Quick-filver of 
that bignefs would do, but nothing neer fo vivid, the refledtion from thefe 
bemg very langutd, much like the refledtion from the outfide of Water, 
OJals, Cryftal, &c. In fo much that in each of thefe HemifpheresA have 
een able to difcover a Land-feape of thofe things which lay before my 

window. 
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window, one thing of which was a large Tree, whole trunk and top \ 
could plainly difcover, as I could alfo the parts of my window, and mv 
hand and fingers, if I held it between the Window and the Objeft- 3 
final 1 draught of nineteen of which, as they appear’d in the bigger Mag 
nifying-glafs to reflect the Image of the two windows of my Chamber 
are delineated in the third Figure of the 23. Scheme 4 

Fourthly , that thefe rows were fb difpos’d, that there wasnoqua rter 
vifible from his head that there was not'fome of thefe Hemijpheres dire&ed 
ftgainft; fbthat a Fly maybe truly laid to have an eye every nviy, and to 
be really circumjpeif. And it was further obfervable, that that way where 
the trunk of his body did hinder his profpetft backward, thefe PMubt- 
ranees were elevated, as it were, above the plain of his fhouldersand 
back, fo that he was able to fee backwards alfo over his back. 



Fifthly , in living Flies, I have obferv’d, that when any imall mote or 
duft, which flies up and down the air, chances to light upon any part of 
thefe knobs, as it isfure'to flick firmly to it and not falj, though through 
the Microfcope it appears like a large ftone or flick (which one would ad- 
mire,efpecially fince it is no ways probable that there is any wet or gluti- 
nous matter upon thefe Hemijpheres, hxit I hope 1 fhall render the reafon in 
another place) fo the Fly presently makes ufe of his two fore-feet in Head 
of eye-lids, with which, as with two Brooms or Brufhes, they being 
all befluck with Brifles, he often ’fweeps or brufhes off what ever hinders 
the profped of any of his Hemifpheres , and then, to free his leggs from 
that dirt, he rubs them one againfl another.the pointed Brifles or Tenters 
of which looking both one way, the rubbing of them to and fro one 
againfl another, does cleanfe them in the fame manner as I have obferv’d 
thole that Card Wool, to cleanfe their Cards, by placing their Cards, fo 
as the teeth of both look the fame way,and then rubbing them one againfl 
another. In the very fame manner do they brufh and cleanfe their bodies 
and wings, as 1 fhall by and by fhew 5 other creatures have other contri- 
vances for the cleanfingand cleering their eyes. 

Sixthly, that the number of the Pearls or Hemifpheres in the cluflers 
of this Fly, wasneer 14000. which I judged by numbering certain rows 
of them feveral ways, and calling up the whole content , accounting 
each duller to contain about feven thoufand Pearls, three thoufand 
of which were of a cize, and confequently the rows not fo thick, and 
the fbure thoufand I accounted to be the number of the fmaller Pearls 
next the feet and probofeis. Other Animals I obferv’d to have yet a 
greater number, as the Dragon-Fly or Adderboh : And others tohave a 
much lefs company , as an Ant y fkc. and feveral other fmall Flics and 

^Swlnthlyjhzt the order of thefe eies or Hemifpheres was altogether curi- 
ous and admirable, they being plac’d inallkind ofFlies,and aerial animals, 
in a moll curious and regular ordination of triangular rows, in wnicn or- 
der they are rang’d the neereft together that pofiibly they can, and con- 
fequently leave the leaf! pits or trenches between them. But m 
Crawfj/hef) Lobfters 3 and filch kinds of CrujjaceoHS water Anima s, ^ 
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vet obferv’d them rang’d in a quadrangular order, the rows cutting each 
Other at right angles, which as it admits of a lefs number of Pearls in equal 
furfaces ; fo have thofe creatures a recompence made them, by having 
their eyes a little movable in their heads, which the other altogether 
Want. So infinitely wife and provident do we find all the Difpenfations m 
Nature that certainly Epicurus, and his followers, mufl very little haVe 
confider’d them, who afcrib’d thofe things to the production of chance, 
that wihto a more attentive confiderer, appear the products of the higheft 
Wifdom and Providence. , . 

Upon the Anatomy or Difle&ion of the Head, I obfervd thefe par- 

tieulars 4 

Firft,*that this outward fkin, like the Cornea of the eyes of the greater 
Animals, was both flexible and tranfparent, and feem’d, through the Mi- 
crofeope , perfectly to refemble the very fubflance of the Cornea of a man s 
eye; for having cut out the clufter, and remov d the dark arid mucous 
fluff that isfubjacenttoit, I could fee it tranfparent like a thin piece of 
fkin, having as many cavities in the infide of it, and rang’d in the fame 
order as it had protuberances on the outfide,and this propriety,! found the 
fame in all the Animals that had it, whether Flies or Shell-Fifh. 

Secondly, I found that all Animals that I have obferv’d with thofe kind 
of eyes, have within this Cornea ,a certain clcer liquor or juice, thoughm 
a very little quantity, and, 

f obferv’d thirdly, that within that deer liquor, they had a kind of 
dark mucous lining, which was all fpread round within the cavity ofthe 
duller, and feem’d very neer adjoining to it, the colour of which, irt 
feme Flies, was grey ; in others, black; in others red ; in others, of a mix’d 
colour ; in others, fpotted ; and that the whole cluflers, when look’d on 
whifft the Animal was living, or but newly kill’d, appear’d of the fame 
colour that this coat (as I may fo call it) appear’d of, when that outward 
fkin, or Cornea, was remov’d. 

Fourthly, that the reft of the capacity of the cluflers was in feme, as 
in Dragon Flies, &c. hollow, or empty; in others fill’d with feme kind 
of fubflance ; in blue Flics, with a reddifh tnufculous fubftancej with fibres 
tending from the center or bottom outwards ; and divers other ,with va- 
rious and differing kinds oflubftances. 

That this curious contrivance is the organ of light to all thofe various 
Crufiaceous Animals, which are furnifh’d with it, I think we need not 
doubt, if weconfider but the feveral congruities it has with the eyes of 
greater creatures. 1 



. lliG r igu-Tt ui eacn oi tne imaii tiemijpheires a 

very spherical exaftlypolifh’d, and ttioft vivid, lively and plump, w h< 
the Animal is living, as m greater Animals,and in like manner dulkflacd 
and irregular, or fhrunk,when the Animal is dead. 

Next, that thofe creatures that are fumifh’d with it, have i 
other organs that have any refemblance to the known eyes of oth 



B b Thirdly, 
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wi j| ch r the y calJ the eyes of Crabs,Lobfters, Shrimp* 

and the like, and are really fo, are Hemifpherd , almoft in the fame rrtfu- 
ner as thefe of Flies are. And that they really are fo, I have very often 
try d,by cutting off thefe little movable knobs, and putting the creature 
again into the water, that it would fwim to and fro, and move up and 
down as well as befere, but would often hit it felf againft the rocks or 
ftones 3 and though I put my hand juft before its head, it would notat 
all ftart or fly back till I touch’d it, whereas whifft thofe were remain- 
ing, it would ftart back,and^ avoid my hand or a ftick at a good diffence 
before it touch’d it. And if in crujiaceous Sea-animals, then it feemsvery 
probable alfo,that thefe knobs are the eyes in cruflaceoml n feds, which are 
alfo of the fame kind, onely in a higher and moreadive Element 3 this the 
conformity or congruity of many other parts common to either of them 
will ftrongly argue, their crujiaceous armour, their number of 1 eggs, which 
are fix, befide the two great claws, which anfwer to the wings in Infefts- 
and in all kind of Spiders, as ailb in many other Infeds that want wings!* 
wefhall find the compleat number of them, and not onely the numbe/ 
but the very fha-pe, figure, joints, and claws of Lobfters and Crabs, as is 
evident in Scorpions and Spiders, as is vifible in the fecond Figure of the 
3 i.Scket&efindm the little Mite-worm,which I call a Land-crab,defcrib’d 
in the fecond Figure of the Scheme, but in their manner of generation 

being oviparous, &c. And it were very worthy obfervation, whether 
there be not lornc kinds of transformation and metamorphofis in the fe- 
deral ftates of crujiaceous water-animals, as there is in feveral forts of In- 
fers; for if fuch could be met with, the progrefs of the variations would 
be much more confpicuous in thofe larger Animals, then they can be in 
any kind of Infeds our colder Climate affords. 

Thefe being their eyes, it affords us a very pretty Speculation to con- 
template their manner of vifion, which, as it is very differing from that of 
biocular Animals, fb is it not lefs admirable. 

That each of thefe Pearls or Hemijpheres is a perfect eye, I think we 
need not doubt, if we confider onely the outfide or figure of any one of 
them, for they being each of them cover’d with a tranfparent protube- 
rant Cornea, and containing a liquor within them, refembling the watry 
or glaffie humours of the eye, muft neceflarily reffad all the parallel 
Rays that fall on them out of the air, into a point not farr diftant within 
them, where (in all probability) the Retina of the eye is placed, and that 
opacous, dark, and mucous inward coat that (I formerly fhew’d) I found 
to fubtend the concave part of the clufter is very likely to be that tu- 
rn cle or coat, it appearing through the Microfiope to be plac’d a little 
more than a Diameter of thofe Pearls below or within the tunica cornea. 
And if fo,then is therein all probability, a little Picture or Image of the 
objeds without, painted or made at the bottom of the Retina againft 
every one of thofe Pearls, fo that there are as many impreflions on the 
Retina or opacous Ikin, as there are Pearls or Hemijpheres on the clufter. 
Entbecaufe it is impoffible for any protuberant furfacewhatfbever, whe- 
ther Jpharial or other, fb to refract the Rays that come from farr remote 
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lateral points of any Objed as to colled: them again, apd unite them each 
in a diftind point, and that onely thofe Rays which come from feme point 
that lies in the Axis of the Figure produc’d, are fo accurately re- 
fraded to one and the lame point again, and that the lateral Ray s,thefur- 
ther they are remov’d, the more imperfed is their refraded confluence 3- 
It follows therefore, that onely the Pidure of thofe parts of the external 
objeds that He in, or neer,the Axis of each Hemisphere, are difcdrnably 
painted or made on the Retina ofeith Hen/rjphere, and that therefore 
each of them can diftnidlyfenfate or fee onely thefe parts which are very 
neer perpendicularly oppos’d to it, or lie in or neer its optick Axis. 
Now, though there may be by each of thefe eye-pearls, a reprefentation 
to the Animal ofa whole Hcmijphere in the feme manner as in a man’s eye 
there is a pidure or fenfetion in the Retina of all the objeds lying almoft 
in an Hemijphcre , yet, as in a man’s eye alfo, there are but forae verv 
few points which liyng in, or neer, the optick Axis arediftindly difc 
cern’d: So there may be multitudes of Pidures made of an Objed in 
the feveral Pearls, and yet but one, or fome very few that are diftind 3 
The reprefentation of any objed that is made in any other Pearl, but that 
which is diredlyjOr very neer diredly^jppos’d, being altogether confus’d 
and unable to produce a diftind vifion. 

So that we fee, that though it has pleas’d the All-wife Creator, to in- 
due this creature with fuch multitudes of eyes, yet has he not indued it 
with the faculty of feeing more then another creature 5 for whereas this 
cannot move hishead,at leaft can move itvery little, without moving his 
whole body, biocular creatures can in an inftant (or the twinkling of an 
eye, which, being very quick, is vulgarly ufed in the feme fignification) 
move their eyes fo as to dired the optick Axis to any point 3 nor is it 
probable, that they are able to fee attentively at one time more then one 
rhyfical point 3 for though there be a diftind Image made in every eve 
yet t is very likely, that the obferving faculty is only imploy’d about fome’ 
one object for which they have moft concern* 

Now, as we accurately diftinguifh the fite or pofition of an Objed 
by the motion of the Mufcies of the eye requifite to put the optick Line 
in a dired pofition, and confofedly by the pofition ofthe imperfed Pidure 
ofthe objed at the bottom of the eye 3 foare thefe crujiaceous creatures 
ableto judge confofedly of the pofition of objeds by the Pidure or im- 
prelnon made at the bottom of the oppofite Pearl, and diftindly bv the 

- Ve °* 0bfervlng fac ?^ from one Peai -1 to another, 
but what this faculty is, as it requires another place, fo a much deeper fne- 

culation. Now,becaufeit were impoffible, even with this multitudeof eve- 
balls, to fee any ob/cd diftmd(for as I hinted before, onely thofe parts that 
lay m,or veryneer, the optick Lines could be fo)the Infinitely wife Creator 
snot left the creature without a power of moving the head a little in 

® k a Diftances 
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Diftances of Objefts alfo, ’tis very likely they diftingmfh, partly by 
the confonant imprefuons made in fome two convenient Pearls, one in 
each clufter , for, according as thofe congruous impreffions affed, two 
Pearls neerer approach'd to each other, the neerer is the Objed, and 
the farther they are diftant, the more diftant is the Objed: partly a lf 0 
by the alteration of each Pearl, requifite to make the Senfetion or Pidnre 
perfed ; for ’tis impoffible that the Pictures of two Objeds, varioufiy 
diftant, can be perfedly painted, or made on the feme Retina or bottom 
of the eye not altered, as will be very evident to any one that fhall atten* 
lively consider the nature of refradiom Now, whether this alteration 
may be in the Figure of the Corneajn the motion of accels or recefi ofthe 
Retina towards the Cornea , or in the alteration of a cruftaline humour, if 
fuch there be, I pretend not to determine ; though I think we need not 
doubt, but that there may be as much curiofity of contrivance and ftru- 
dure in every one of thefe Pearls, as in the eye of a Whale or Elephant, 
and ’the^almighty's Fiat could as eafily caufe the exiftence of the one as 
the other; and as one day and a thoufend years are the fame with him.ib 
may one eye and ten thouland. 

This we may be fore of, that the filaments or fenfative parts of the 
Retina muft be moft exceedingly curious and minute, fince the whole 
Pidure it felf is foch ; what muft needs the component parts be of that 
Retina which diftinguilhes the part of an object's Pidure that muft be 
many millions of millions lefs then that in a man's eye ? And how exceed- 
ing curious and fubtile muft the component parts of the medium that 
conveys light be, when we find the inftrument made for its reception or 
refradion to be fo exceedingly fmall > we may, I think, from this lpecula- 
tion be fofficiently difoouraged from hoping todifcover by any optickor 
other inftrument the determinate bulk of the parts of the medium that 
conveys the pulfe of light, fince we find that there is not lefs accurare- 
nds fhewn in the Figure and polifh of thofe exceedingly minute lenti- 
cular furfaces, then in thofe more large and confpicuous forfaces of our 
own eyes. And yet can I not doubt, but that there is a determinate bulk 
of thole parts, fince I find them unable to enter between the parts of 
Mercury, which being in motion, muft neceflarily have pores, as I fhall 
ellewhere fhew, and here pals by, as being a digreffion. 

As concerning the horns FF, the feelers or fmellers, G G, the Pro- 
bafcii HH, and r, the hairs and brifles, KK., I fhall indeavour to de- 
feribe in the 42. obfervation. 



Obferv. XL. Of the Tathof a Snail. 

J Have little more to add of the Teeth of a Snail, befides the Pidure 
of it, which is reprefented in the firft Figure of the 25, Scheme, lave 
that his bended body, A B C D E F, which leem d fafhioned very muc 
like a row of fmall teeth, orderly plac d in the Gums, and looks as t it 
, were 
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were divided into levcim himhu **i“ gi'-uiti waui r _ 

but one fmall bended hard bone, which was plac'd in the upper jaw of the 
mouth of a Houfe-Snail, with which I obferv’d this very Shailto feed on 
the leaves of a Rofe-tree, and to bite out pretty large and half round 
bits, not unlike the Figure of a (C) nor very liiuch differing from jtirt 



and to grow out of the upper chap of the Snail. GG G,and hot to be any- 
thing ncer fb much creas’d as the lower and blacker- part of itH II H KKB 
which was exactly Ihap’d like teeth, the bone growing thinner, or taper- 
ing to an edge towards K K K. It feem’d to have nine teeth, or prominent 
parts IK, IK, I F,-&c. which were join’d together by the thinner inter- 
pos’d parts of the bone. The Animal to which thefe teeth belong, is a 
very anomalous creature, and feems of a kind quite diftin£fc from any 
other terreftrial Animal or Infe£t, the Anatomy whereof exceedingly dif- 
fering from what has been hitherto given of it I fhould have inferred, but 
that it will be more proper in another place. I have never met with any 
kind of Animal whofe teeth are all join’d in one, lave onely that I lately 
obferv'd, that all the teeth of a Rhinocerot, which grow on either fide 
of its mouth, are join'd into one large bone, the weight of one of which 
I’ found to be neer eleven pound Haverdupois. So that it feems one of 
the biggeft fort of terreftrial Animals, as well as one of the frnalleft, 
has his teeth thus fhap’d. 



Obferv. X LI. Of the Eggs t^SiIk-worms,dffi/ other Infers. 



T He Eggs of Silk 

Figure of 25. Scheme') afford a pretty Obje& for a Aficrojcope that 
magnifies very much, dpecially if it be bright weather, and the light of 
window be caft or collefted on it by a deep Convex-gtafi^ or Water-ball; 
For then the whole furface of the Shell may be perceiv’d all cover’d over 
with exceeding fmall pits or cavities withinterpofed edges, almoft in the 
manner of the furface of a Poppy* feed, but that thefe holes are not an hun- 
dredth part fcarce of theirbignefs 5 the Shell, when the young ones were 
hatch d (which I found an eafie thing to do, if the Eggs were kept in a 
warm place) appear’d no thicker in proportion to its bulk, then that of 




\ ;, 7 a y , v wnence ail tbofepit- 

tingsdid ajmoftyanifo,fo thatthey could not, without much difficulty, 
bed!fcernd,theinfideoftheShellfeem’d to be lin'd alfo with a kind of 
ut ^ e < ke< ^ n g the proportion to its Shell)that with which 
an Iin id i and the Ihell it fclf feem’d like common 

t *’ i Very bnt , te ', an<i crack d. In divers? other of thefe Eggs- 1 
^itfamlyeaougk through the Ihell, perceive the fmall Infect lie 
eoyled round the edges of the Ihell. The fbape of the Ere it feif'' the 
Figure prettv Wei 1 renrefrnte^k^i«k j I, ^ " , * s »: ■ 
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were divided into _ , _ 

but one final! bended hard bone, which was plac'd in the upper jaw of the 
mouth of a Houfe-Snail, with which I obferv’d this very Shail to feed on 
the leaves of a Rofe-tree, and to bite out pretty large and half found 
bits, not unlike the Figure of a (C) nor very riiuch differing from kin 
bignefs, the upper part A E C D of this bone, I found to be much whiter, 
ano to grow out of the upper chap of the Snail C G G,and not to beany 
thing neerfo much creas’d asthelowerand blacker part of it H M HK.K B 
which was exa&Iy lhap’d like teeth, the bone growing thinner, or taper- 
ing to an edge towards K K K. It feeflfd to have nine teeth, or prominent 
parts IK, IK, IFp&e. which were join’d together by the thinner inter- 
pos’d parts of the bone. The Animal to which thefe teeth belongs is a 
very anomalous creature, and feems of a kind quite diftindt from any 
other terreftrial Animal or Inleft, the Anatomy whereof exceedingly dif- 
fering from what has been hitherto given of it I fhould have inferted,but 
that it will be more proper in another place. I have never met with any 
kind of Animal whole teeth are all join’d in one, five onely that I lately 
obferv’d, that all the teeth of a Rhinocerot, which grow on either fide 
of its mouth, are join’d into one large bone, the weight of one of which 
I'found to be neer eleven pound Haverdupois, So that it ieenrs one of 
the biggeft fort of terreftrial Animals, as well as One of the final left, 
has his teeth thus fhap’d. 



Obferv. X LI. Of the Eggs ^Silk-worms, other wfiffis. 

T He Eggs of Sflk-worms(one of which I have defirib’d iff the fecond 
Figure of 25. Scheme') afford a pretty Objeft for a Microfcbpe that 
magnifies very much, efpecially if it be bright weather, and the light of at 
window be caft or collected on it by a deep Convex-glaj^ or Water-ball 
For then the whole furface of the Shell may be perceiv’d all cover’d over 
with exceeding fmall pits or cavities with interpofed edges, almoft in the 
manner ofthe furface of a Poppy-feed,but that thefe holes are not an hun- 
dredth part fcarceof their bigne% the Shell,when the young ones were 
hatch’d (which I found aneafie thing to do, if the Eggs were kept in a 
warm place) appear’d no thicker in proportion to its bulk, then that of 
an Hen’s or Goos’s Egg is to its bulk,and all the Shell appear’d very white 
(which feem’d to proceed from its tranfparency) whence all thofepit- 

? ng j-r a J?°? thatthe y could not, without much difficulty, 

be difeern d, the infide of the Shell feem’d to be Iin d alfowith a kind of 

!J in nf n ,n c 0t “I • C ke eping the proportion to its Shell)that with which 
an He «-. e gg« lin’d j and the (hell it feJf fcem'd like common 
tggdhells, very brittle, and crack’d. In divers other of thefe Eggs I 

J^i«/ a1n J !f e r 0l1g j 5 the (hell, perceive the fmall Infeft lie 
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not appear fo rounded, and lying above the Paper,as itwere,asitouvht 
t ? do) that is, it was for the moft part pretty oval end-ways, fomewhat 
like an Egg, but the other way it was a little flatted on two oppoiite fid es 
Divers of thefe Eggs, as is common to moft others. I found to be bar- 
ren, or addle, for they never afforded any young ones. And thole l 
ufaally found much whiter, then the other that were prolifick. The 
Eggs of other kinds of Oviparous Inle&s I have found to be perfe&Iy 




gaudery with my Microfcope , I found within a day or two after I inclos’d 
her, almoft all the inner furface of the Box cover’d over with an infinite 
of exactly round Eggs, which were ftuck very fall to the fides of it, and 
in fo exa ftly regular and clofe an order, that made me call to mind my 
Hypothecs , which 1 had formerly thought on for the making out of all the 
regular Figures of Salt, which I have elfewhere hinted ; for here I found 
all of them rang’d into a moft exa£l triagonal order, much after the man- 
ner as the Hemijpheres are place on the eye of a Fly j all which Eggs! 
found after a little time to be hatch’d, and out of them to come a multi- 
tude of fmall Worms, very much refembling young Silk-worms, leaving 
all their thin hollow foells behind them, flicking on the Box in their fr/- 
agonul pofture j thefe I found with the Microfcope to have much fuch a 
fubftance as the Silk-worms Eggs, but could not perceive them pitted. 
And indeed, there is as great a variety in the fhape of the Eggs of Ovi- 
parous Infetts as among thofe of Birds. 

Of thefe Eggs, a large and lufty Fly will at one time lay neer four or 
five hundred, fo that the increafe of thefe kind of Infefts muft needs be 
very prodigious, were they not prey’d on by multitudes of Birds, and de- 
ftroy’d by Frofts and Rains ; and hence ’tis thofe hotter Climates between 
the Jropick? areinfefted with fuch multitudes of Locufts, and fuch other 
Vermine. 



Obferv. XL II. Of a blue Fly, 

■ '' f ** " ■ T"-* ", ‘ t’.. ....... „ / . 

T His kind of Fly, whereof a Microfcopical Picture is delineated in the 
firft Figure of the 26. Scheme , is a very beautiful! creature, and has 
many things about it very notable , divers of which I have already partly 
defcrib’d, namely, the feet, wings, eyes, and head, in the preceding 

Oblervations. . 

And though the head before defcrib’d be that of a grey pr**+m 
yet for the main it is very agreeable to this. The things wherein they 
differ moft, will be eafily enough found by the following particulars : 
Firft, the clufters of eyes of this Fly, are very much fraaller then thole 
of the Dron-Fly, in proportion to the head. ^ 
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not appear fo rounded, and lying above the Paper, as it were, as it ought 
to do) that is, it was for the moft part pretty oval end-ways, fomewhat 
like an Egg, but the other way it was a little flatted on two oppofite fides. 
Divers of thefe Eggs, as is common to moft others. I found to be bar- 
ren, or addle, for they never afforded any young ones. And thole I 
ulually found much whiter then the other that were prolifick. The 
Eggs of other kinds of Oviparous Infedts I have found to be perfedfly 
round every way ,like lo many Globules,of this fort 1 have obferv’d fome 
forts of Spiders Eggs 5 and chancing the laft Summer to inclofe a very 
large andcurioufiy painted Butterfly in a Box, intending to examine its 
gaudery with my Microfcope , I found within a day or two after I inclos’d 
her, almoft all the inner furface of the Box cover’d over with an infinite 
of exaftly round Eggs, which were ftuck very faft to the fides of it, and 
in fo exaftly regular and clofe an order, that made me call to mind my 
Hypothefs, which I had formerly thought on for the making out of all the 
regular Figures of Salt, which I have elfewhere hinted for here I found 
all of them rang’d into a moft exaft triagovd order, much after the man- 
ner as the Hemijpheres arc place on the eye of a Fly 5 all which Eggs I 
found after a little time to be hatch’d, and out of them to come a multi- 
tude of fmall Worms, very much refembling young Silk-worms, leaving 
all their thin hollow fhells behind them, flicking on the Box in their tri- 
agond pofture $ thefe I found with the Microfcope to have much fuch a 
fubftance as the Silk-worms Eggs, but could not perceive them pitted. 
And indeed, there is as great a variety in the fhape of the Eggs of Ovi- 
parous Infetts as among thofe of Birds. 

Of thefe Eggs, a large and lufty Fly will at one time lay neer four or 
five hundred, fo that the increafe of thefe kind of Infefts muft needs be 
very prodigious, were they not prey’d on by multitudes of Birds, and de- 
ftroy cl by Frofts and Rains } and hence ’tis thofe hotter Climates between 
the Tropicus are infefted with fuch multitudes of Locufts, and foch other 
Vermine. 



T 



Obferv. XL 1 1 . Of a blue Fly. 

'His kind of Fly, whereof a Microfcopicd Pifture is delineated in the 
■ firft figure of the 26. Scheme , is a very beautiful! creature, and has 
many things about it very notable 3 divers of which I have already partly 
defcrib’d, namely, the feet, wings, eyes, and head, in the preceding 

°^ e nd Though the head before defcrib’d be that of a grey Drone-Fly, 
yet for the main it is very agreeable to this. The things wherein they 
differ moft, will be ealily Lough found by the followntg Wgtoj- 
Firft, the clufters of eyes of this Fly, are very much fmaller then tho 
of the Dron-Fly, in proportion to the head. . , 
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And'next, all the eyes of each clutter Teem’d much of the fame bignefe 
0 ne with another, not differing as the otherj but rang'd in the fame irr^ 

qpnd order. f ■ J •• 

Thirdly, between thefe two clutters, there was a fcaly prominent 
front B, which was arm'd and adorn'd with: large tapering Tharp.; black 
briiles, which growing out in rows on either fide, were fobent toward 
each other neer the top, as to make a kindof arched arbour of Brifles, 
which almoft cover’d the former front. 

Fourthly, at the end of this Arch, about the middle of the face, on a 
prominent part C, grew two lmall oblong bodies, DD, which. thrdugh 
a Mkrofcope look’d not unlike the Pendants in Lillies, thefe feenvdrm be 
jointed on to two lmall parts at C, each of which feem’d again jointed 
into the front. : ; 

Fifthly, out of the upper part and outfides of thefe horns (as I may 
call them, from the Figure they are of, in the 24. Scheme > where they 
are marked with F F) there grows a fingle feather, or brufhy Brifles EEj 
fomewhat of the feme kind with the tufts of a Gnat, which 1 have before 
deferibed. : • ■ . . 

What the ufe of thefe kind of horned and tufted bodies fhould be, I 
cannot well imagine, unlefs they ferve for fmelling or hearing, though how 
they arc adapted for either, it feems very difficult to deferibe they are 
in almoft every feveral kind of Flies of fo various afhape; though certain- 
ly they are fome very eflential part of the head, and have feme very 
notable office attign’d them by Nature, fincein all Jnfeds they are to be 
found in one or other form. 

Sixthly, at the under part of the face F F, were feveral qf the former 
fort of bended Brifles; and below all, the mouth, out of the middle of 
which, grew the probojlis G ff I, which, by means of feveral joints, where- 
of it feem’d to confift, the Fly was able to move to and fro, and thruftit 
in and out as it pleas’d ; the end of this hollow body (which was all over 
cover’d with fmall fhort hairs or brifles) was, as’twere, bent at H, and 
the outer or formoft fide of the bended part H 1, flit, as it were, into 
two chaps, H I, H I, all the ontfide of which, where cover’d with hairs, 
and pretty large brifles 5 thefe he could, like two chaps, very readily 
open and font, and when he feem’d to fuck any thing from the furface of 
a body, he would fpread abroad thofe chaps, and apply the hollow part 
of them very clofe to it. 

From either fide of the Frobofiis , within the mouth, grew two other 
fmall horns, or fingers. It It, which were hairy, but fmall in this Figure ; 
but ofanother fhape, and bigger in proportion, in the 24. scheme, where 
they are marked with G G, which two indeed feera’d a kind of fmellers, 
out whether lb or not, I cannot pofitively determine. 

The Thorax or middle part of this Fly, was cas’d, both above and be- 
neath, with a very firm cruft of armour, the upper part more round, ;and 
covered over with long conical brifles, all whofb ends pointed backwards; 
out of the hinder and under part of this grew out in a clutter fix leggs, 
nree of which areappatent in the Figure, the other three were hid by the 

body 
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body plac d in that pofture. The leggs were all much of the fame make 
bang all of them cover’d with a ftrong hairy fcale or fhel-juft like the legs 
of a Grabb or Lobfter,and the contrivance of the )oints feem’d much the 
femey each legg feern'd made up of eight parts, r, a, 3, 4, 5. 6 , 7, 8, to 
the eighth or laft of which, grew the foies and claws, defcribed before 
in the 38. Objervation. 

Out of the upper part of this trunck grew the two wings, which I men* 
tion'd in the 38. Obfervation, confifting of a film, extended on certain 
foiall ftifF wires or bones: thefe in a blue Fly, were much longer then 
the body, but in other kind of Flies they are of very differing propor- 
tions to the body, Thefe films, in many Flies, were fo thin,that,like feveral 
other plated bodies (mention’d in the ninth obfervatwn ) they afforded 
all varieties of fantaftical or tranfient colours (thereafonofwhich lhave 
here endeavoured to explain) they feem'd"to receive their nourifhment 
from the ftalks or wires, which feem'd to be hollow, and neer the upper 
part of the wing L L feveral of them feem’d jointed, the fiiape of which 
will fofficiently appear by the black lines in the fecond Figure of the 
26. Scheme , which is a delineation of one of thofe wings expanded di- 
re ftly to the eyes. 

All the hinder part of its body is cover’d with a moft curious blue fbi- 
ning armour, looking exa&ly like a polifh’d piece of fteel brought to that 
blue colour by annealing, all which armour is very thick beftuck with' 
abundance of tapering brifles, fuch as grow on its back, as is vifible 
enough by the Figure. 

Nor was the infide of this creature lefs beautifull then its outfide, for 
cutting off a part of the belly, and then viewing it, to fee if I could dis- 
cover any Veflels, fuch as are to be found in a greater Animals, and even 
in Snails exceeding manifeftly,I found, much beyond my expectation, that 
there were abundance of branchings of Milk-white vefle!s,no lefs curious 
then the branchings of veins and arteries in bigger terreftrial Animals, in 
one of which,! found two notable branches, joining their two main flocks, 
as it were, into one common dn&w 5 now, to what veins or arteries thefe 
Veflelis were analogus, whether to the vena porta, or the meferaick vef 
JfeUsyQX the like, or indeed, whether they were veins and arteries, or vafa 
lade a, properly fo called, I am not hitherto able to determine, having 
not yet made fofficient enquiry 3 but in all particulars, there feems not to 
be any thing lefs of curious contrivance in thefe Infers, then in thofe 
larger terreftrial Animals, for I had never feen any more curious branch- 
ings of Veflelis, then thofe 1 obferv’d in two or three of thefe Flies thus 

^It is a creature aftive and nimble, fo as there are very few creatures 
like it, whether bigger or fmaller, in fomiich, that it will fcape and 
avoid a fmall body, though coming on it exceeding fwiftly, 
any thing approaching it, which it fears, it prelently fquats 1 



and if it fee* 



_jiy thing approaching it, which it tears, u prelently lquats down, as 

were,that it may be the more ready for its rife. _ . , • „ 

Nor is it lefs hardy in the Winter, then aftive in the Summer, indm ng 
all theFrofts, and furviving till the next Summer, notwithftanding^^ 
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hitter cold of our Climate 5 nay, this creature will indure to be frozen, 
ind vet not be deftroy’difor I have taken one of them out of the Snow 
whereon it has been frozen almoft white, with the Ice about it, and yet 
by thawing it gently by the warmth of a fare, it has quickly reviv d and 

fl °This b kfod of Fly feems by the fteams or taftc of fermenting and 
nutrifying meat (which it often killes,as'twere, with its probofeis as it trips 
over it) to be ftimulated or excited to eject its Eggs or Seed on it, per- 
haps, from the fame reafon as Dogs, Cats, and many other brute creatures 
are excited to their particular lufts, by the fmcll of their females, when 
by Mature prepared for generation 3 the males feeming by thofe kind 
of fmells, or other incitations, to be as much ncceliitated thereto, as 
A aud Regis ftrongly impregnated with a folution of Gold, is forced to pre- 
cipitate it by the affufion of fpirit of Vrinc, or a folution Qt Salt of 

^ One of thefe putin fpirit of Wine, was very quickly feemingly kill'd, 
and both its eys and mouth began to look very red, but upon the taking 
of it out, and fufferingit to lie" three or four hours, and heating it with 
the Sun beams caft through a Burning-glafs, it again reviv’d, feeming, as 
it were, to have been all the intermediate time, but dead drunk, and af- 
ter certain hours to grow frefh again and fober. 



Obfcrv. X L 1 1 1. Of the Water-Infoft or Gnat 

T His little creature, deferibed in the firft Figure of the 27. Scheme^ 
was a fmall fealed or crufted Animal, which I have often obferv’d 
to be generated in Rain-water ; I have alfo obferv’d it both in Pond and 
River-water. It is fuppos’d by fome, to deduce its firft original from the 
putrifaftion of Rain-water, in which,if it have flood any time open to the 
air, you (bail feldom mifs,all the Summer long, of ftore of them frifking 
too and fro. 

’Tisa creature, wholly differing in fhape from any I ever obferv’d 3 nor 
isitstnotion lefs ft range : It has a very large head, in proportion to its 
body, all covered with a fhell, like other teftaceous Animals, but it dif- 
fers in this, that it has, up and down feveral parts of it, feveral tufts of 
hairs, or brifles, plac’d in the order express'd in the Figure; It has two 
horns, whichfeem’d almoft like the horns of an Oxe,inverted,and,asneer 
as I could ghefs,were hollow, with tufts of brifles, likewife at the top;thefe 
horns they could move cafily this or that way, and might, perchance, be 
their noftrils. It has a pretty large mouth, which feem’d contriv’d much 
like thofe of Crabs and Lobfters,by which, I have often obferv’d them to 
feed on water, or fome imperceptible nutritive fubftance in it. 

. I could perceive, through the tranfparent {hell, while the Animal for- 
Viv d, feveral motions in the head, thorax, and belly, very diftin&Iy, 
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of differing kinds which I may, perhaps, elfewhere endeavour more ir, 
curately to examine, and to ftiew of how great benefit the ufe of a M- 
crofcopen lay be for the difeo very of Nature's comic in the operations per- 
form d in Animal bodies, by which we have the opportunity of obfervinc? 
her through thefe delicate and pellucid teguments of the bodies of Infers 
acting according to her ufual courfe and way, undifturbed, whereas 
when we endeavour to pry into her fecrets by breaking open the doors 
upon her, and differing and mangling creatures whilTt there is life yet 
within them, we find her indeed at work, but put into fuch diforder by 
the violence offer’d, as it may eafily be imagin’d,how differing a thing we 
fhould find, if we could,as we can with a Microfcepepn thefe fmaller crea- 
tures, quietly peep in at the windows, without frighting her out of her 
ufual byas. 

The form of the whole creature, as it appear’d in the Mkrofcope , may, 
without troubling you with more defer iptions, be plainly enough per- 
ceiv d by the Scheme, the hinder part or belly confifting of eightfeveral 
jointed parts, namely, A B C D E F G H, of the firff Figure, from the 
midfl: of each of which, on either lide,ifliied out three or four imall brifles 
or hairs, 1 , 1 , 1 , f, I, the tail was divided into two parts of very differing 
make i one of them, namely, K, having many tufts ofhair or brifles, which 
feem d to lerve both for the finns and tail, for the Oars and Ruder of this 
little creature, wherewith it was able, by frifking and bending its body 
nimbly to andfro,to move himfelf any whither, and to fkull and fteer him- 
felfas he pi eas’d ,the other part, L, feem’d to be, as ’twere,the ninth divili- 
on of his beJly,and had many fingle brifles on either fide. From the end V, 
of which, through the whole belly, there was a kind of Gut of a darker 
colour, MMM, wherein, by certain Pcrijialtk^ motions there was a kind 
of black fubftance mov’d upwards and downwards through it from the 
orbicular part of it, N, (which feem’d the Ventrh 7e,or ftomach)to the tail 
V,and fo back again, which perijialticl^ motion I have obferv’d atfb in a 
Loufe, a Gnat, and feveral other kinds of tranfparent body’d Flies. The 
I borax or cheft of this creature O O O O, was thick and fhort, and pret- 
ty tr a nfparent, for through it I qould fee the white heart (which is the 
colour alfo of the bloud in thefe, and moil other fnfedts) to beat, and 
feveral other kind of motions. It was beffuck and adorn’d up and down 
with feveral tufts of brifles, fuch as are pointed out by P, P, P, P, the 
head Qjvas likewife beffuck with feveral of thofe tufts, SSS$ it was 
broad and fhort, had two black eyes, T T, which I could not perceive at 
all pearl’d, as they afterwards appear’d, and two fmall horns, K R, fuch 
as I formerly deferib’d. ' 

Both its motion and reft is very ftrange, and pleafant, and differing 
from thofe of raoft other creatures I have obferv’d 5 for, where it ceafes 
from moving its body, the tail of it feeming much lighter then the reft 
of its body, and a little lighter then the water it fwims in, prefently boys 
it up to the top of the water, where it hangs fufpended with the head al- 
ways downward ; and like our Antipodes^ if they do by a frifk get be- 
low that fuperficies, they prefently afeend again unto it, if tbeyceafe 

moving, 
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moving, until they tread, as it ivere, under that foperficies with their 
rails i the hanging of thefe in this pofture, put me in mind of a cer- 
tain creature I have feen in London^ that was brought out of America^ 
which would very firmly fufpend it felf by the tail, with the head down- 
wards, and was faid to fleep in that pofture, with her young ones in her 
falfe belly, which is a Purfc, provided by Nature for the production, 
nutrition, and preservation of her young ones, which is defcribed by Pip 
in the 24, Chapter of the fifth Book of his Natural Hiftory of BrafiL 
The motion of it was with the tail forwards, drawing its felf backwards, 
by the frifking to and fro of that tuft which grew out of one of the 
flumps of its tail. It had another motion, which was more finable to that 
of other creatures, and that is, with the head forward 5 for by the moving 
ofhis chaps ("if I may fo call the parts of his mouth) it was able to move 
it felf downwards very gently towards the bottom, and did,a$ rwere,eat 
up its way through the water. 

But that which was mcft obfervable in this creature, was, its Meta- 
morphofis or change#* having kept feveral of thefe Animals in a Glafsof 
Rain-water, in which they were produc’d, I found,after about a fortnight 
or three weeks keeping, that feveral of them Hew away in Gnats,leaving 
their hufks behind them in the water floating under the furface, the 
place where thefe Animals were wont to refide, whil’ft they were in- 
habitants of the water : this made me more diligently to watch them, to 
fee if I could find them at the time of their transformation ; and not long 
after, I obferv d feveral of them to be changed into an unufual ftiape 
wholly differing from that they were ofbefore, their head and body be- 
ing grown much bigger and deeper, but not broader, and their belly, or 
hinder part (mailer, and coyl’d, about this great body much ofthefafhi- 
on represented by the prick'd line in the fecond Figure of the 27. Scheme 
the head and horns now fwam uppermoft, and the whole bulk of the bo- 
dy' feem'd to be grown much lighter ; for when by my frighting of it it 
would byfrifking out of its tail (in the manner exprefs’d in the Figure 
by B C) fink it felf below the furface towards the bottom ; the body 
would more fwiftly re-afeend, then when it was in its former ftiape 
I mil marked its progrefs from time to time, and found its body ftill to 
grow bigger and bigger, Nature, as it were, fitting and accoutring it 
fcr the lighter Element of wfoch it was now going to be an inhabitant, 
Myobfenungone ° f th r fe Wh t my I found the eyes of it 

to be altogether differing from what they feem’d before, appearing now 
all over pearl d or knobb’d, like the eyes of Gnats. 'SH 

£,^ 0 "?| F '' ? "'l by \ u' rT h; 1 ‘"P" ofl ‘Ws creature to Twin 
above, and part beneath the furface of the water, below which though 
Kwou^tckiy plunge it felf if I by any means 
-afeend into its former pofture; after a little longer expectation r 

above tbeV h f head “^J**?* ° f 3 ? nat ; be g an appear and ftand deer 

!/ h ^ rfac ^ and b y degrees it drew out its leggs, firft the two for- 
cer the^h ^. who!cbod y perfect and entire aopeard 

ut of the hufk (which it left in the water) ftanding on its leggsupon 
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moving, until they treads as it were, under that fuperficies with their 
tails ; the hanging of thefe in this pofture, put me in mind of a cer- 
tain creature I have feen in London^ that was brought out of America^ 
which would very firmly fufpend it felf by the tail, with the head down- 
wards, and was laid to ileep in that pofture, with her young ones in her 
falfe belly, which is a Purfe, provided by Nature for the production, 
nutrition, and preservation of tier young ones, which is deferibed by Pifi 
in the 24. Chapter of the fifth Book of his Natural Hiftory of Kraftl. 

The motion of it was with the tail for wards, drawing its felf backwards, 
by the frifking to and fro of that tuft Which grew out of one of the 
flumps of its tail. It had another motion, which was more fiitabJc to that 
of other creatures, and that is, with the head forward $ for by the moving 
ofhischapsfif T may fo call the parts of his mouth) it was abletomove 
it felf downwards very gently towards the bottom, and did, as twerc,eat 
up its way through the water. 

But that which was moft obfervable in this creature, was, itsMeta- 
morphofis or change^for having kept feveral of thefe Animals in a Glafc of 
Rain- water, in which they were produc’d, I fcund,after about a fortnight 
or three weeks keeping, that feveral of them Hew away in Gnats, leaving 
their hulks behind them in the water floating under the lurface, the 
place where thefe Animals were wont to refide, whifft they were in- 
habitants of the water : this made me more diligently to watch them, to 
fee if I could find them at the time of their transformation $ and not long 
after, I obferv’d feveral of them to be changed into an unufual fhape 
wholly differing from that they were of before, their head and body be- 
ing grown much bigger and deeper, but not broader, and their belly, or 
hinder part fmailer, and coyl’d, about this great body much of the fafbi- 
on repreienred by the prick’d line in the fecond Figure of the 27 .Scheme 
the head and horns now fwam uppermoft, and the whole bulk of the bo- 
dy feem’d to be grown much lighter 3 for when by my frighting of it, it 
won Id by fnfking out of its tail (in the manner exprefs’d in the Figure 
byB C) nnk it felf below the furface towards the bottom 5 the body 
wouW more fwiftly re-afeend, then when it was in its former fhape 

I lull marked its progrefs from time to time, and found its body foil to 
pow bigger and bigger, Nature, as it were, fitting and accoutring it 

“r t i f r hid Y' was now 8 oin S «> be an inhabitant; 
° f th f r<! *'4 ”>y M'rtfope, I found the eyes of it 

tobeaitogether differing from what they feem'd before, appearing now 

over pearl d or knobb d, like the eyes of Gnats, as is viiible in 
the fecong F, gm , by A. At length, I faw part of this creature to fwim 

itwon’dmdckf ““°f Aewater, below which though 

"^SS“Kkly plunge it felflfl by any means flighted it, and prefently 
re-afeend into its former pofture; after a little longer exception I 

above thfr^F head a 7 *i* K *? 5 ' of a ? mt >began to appear and ftand cleer 
^Bfo&rface, andbydegreesit drewout it s Ieggs,firftthetwof“l 

ou°^™e h hufo^-W j- tS *‘l 0le bod t P«fua and entire appear'd 
' the hu(k (which it left in the water) ftaflding on its leggs upen 
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the top of the water, and by degrees it began to move, and after flew 
about the Glafe a perfect Gnat. 

I have been the more particular, and targe in the relation of the tranf 
formation of divers of thefe little Animals which I obferv'd, becaufe I 
have not found that any Authour has obferv’d the like ; and becaufe the 
thing it felf is fo Orange and heterogeneous from the ufual progrefs of 
other Animals, that I judge it may not onely be pleafant, but very 
ufefull and neccflary towards the compl eating of Natural Hi doty. 

There is indeed in Pijo , a very odd Hiftory, which this relation may 
mak e the more probabie $ and that is in the 2. Chapter of the 4. Book of 
his Natural Hiftory of Brajil, where he lays forro prater tot document a f er ~ 
tilitatis circa vegetabilia gfjenftiva marina tel/uris rennda^accidit & illud 
quodpaucis a Paranambticenfi milIiaribm. J pijcatoris uncum citra intmtiomm 
contingat infigi vadis petrojis^ loco pifiisjpongiaforalla^aliajque arbttfadat 
marinas cap?. Inter htec imftatA forma prodit JpongioJa arbvfmlafejquiptdis 
longitudinis , brevioribns radicibus , lapideis nitens vadis^ & rnpibus infixa^ 
erigiturque in corpus ftongiojkm mode oblongum rotnndumturbmatnm: intus 
miris cancellis & alvei s fabric atum y ext us autem ten act glutine inflar Apum 
propolis undique veflitum^ of io fit is pattdo & profun do in ftmmitate rcliHo, 
Jtcut ex altera icomtrn probe depifla vtdere licet (fee the third and fourth 
Figures of the 27. Scheme.') It a ut Apiarium marimtm vere dixeris ; prim 
enim intuitu b Mare ad Terr am del a tumpvermiculis fcatebat camlets parvis , 
q ui mox a calore folis inMujcasjvel Apes potius^eaffc exiguas & nigras tranf 
formebantur , circumvolantejque evanefcebantjta tit de eorum meUifcatiotte 
nihil certi confici datum fuer it t cum tamen caroft materia propolis Apuin- 
que cell if. manifefe apparerent^atque ipja meliis qualijcunque jubfaatiaprocul- 
dubio nrinatoribus patebit , ubi curiofus inqmjtvermt hcec apiaria , eaque in 
natali folo & falo cliverfs temporibm penitius lufrarint. 

Which Hiftory contains things fufficiently ftrange to be confider’d, as 
whether the hulk were a Plant, growing at the bottom of the Sea before, 
of it felf, out of whole putrifa&ion might be generated thefe ftrange kind 
of Magots ; or whether the feed of certain Bees, finking to the bottom, 
might "there naturally form it felf that vegetable hive, and take root; 
or, whether it might not be placed there by feme diving Fly; or, 
whether it might not be fome peculiar propriety of that Plant, whereby 
it might ripen or form its vegetable juice into an Animal fubftance ; or, 
whether it may not be of the nature of a Sponge, or rather a Sponge oi 
the nature of this, according to fome of thofe relations and -conjectures I 
formerly made of that body, is a matter very difficult to be determined. 
But indeed, in this defcription,the Excellent Pifo has not been fufficiendy 
particular in the fetting down the whole procefs, as it were to be with d : 
There are indeed very odd progress in the produChon of feveral kinds 
of InfeCts, which are not lefs inftniCHve then pleafant, feveral of which, 
the diligent Goedartius has carefully obferv’d and recorded, but among 
all his Cmfervations, he has none like this, though that 
be fomewhat of this kind, which is added as an Appendix by Johann 
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I have, for my o wn particular, befides feveral of thofe mention’d by 
him, obferv’d divers other circumftances, perhaps, not much taken notice 
of though very common, which do indeed afford us a very coercive argu- 
ment to admire the goodnels and providence of the infinitely wife Crea- 
tor in his moft excellent contrivances and difpenfations.rhaveobferv , d,at 
feveral times ofthc $ummer,that many of the leaves of divers Plants have 
been fpotted,or, as it were fcabbed, and looking on the underfides of 
thofe of them that have been but a litre irregular, 1 have perceiv’d them 
to be fprinkled with divers forts of little Eggs, which letting alone,! have 
found by degrees to grow bigger, and become little Worms with leggs, 
butftill to keep their former places,and thofe places of the leaves, of their 
own accords, to be grown very protuberant upwards, and very hollow, 
and arched underneath, whereby thofe young creatures are, as it were, 
flicker d and houfed from external injury ; divers leaves I have obferv'd 
to grow and fwell fo fair, as at length perfedly to inclofe the Animal, 
which, by other obfervations I have made, I ghefs to contain it, and be- 
come, as it were a womb to it, fo long, till it be fit and prepar’d to be 
tranflated into another ftate, at what time, like (what they fay of) Vi- 
pers, they gnaw their way through the womb that bred them ; divers of 
thefe kinds 1 have met with upon Goofberry leaves, Rofe-tree leaves. 
Willow leaves, and many other kinds. 

There are often to be found upon Rofe-trees and Brier bufhes, little 
red tufts, which are certain knobs or excrefcencie$,growing out from the 
Rind, or barks of thofe kinds of Plants, they are cover’d with ftrange 
kinds of threads or red hairs, which feel very fbft, and look not unplea- 
fantJy. In moft of thefe, if it hasno hole in it, you ftiall find certain little 
Worms, which i fuppofeto be the caufes of their production ; for when 
that Worm has eat its way through, they, having performed what they 
were defign’d by Nature to do, by degrees die and wither away. 7 

Now,the manner of th.eir production,! fuppofe to be thus; that the Al- 
wife Creator has as well implanted in every creature a faculty of know- 
ing what place is convenient for the hatching, nutrition, and prefervati- 
on of their Eggs and of-fprings, whereby they are ftimulated and directed 
to convenient places, which becom, as’twere the wombs that perform 
thole offices : Ashe hssalfo fiiited and adapted a property to thofe 
places wherby they grow and inclofe thofe feeds, and having inclofed 
them, provide a convenient nourilhment for them, but as foonas they 
have done the office of a womb, they die and wither. 7 

The progrefs of inclofure I have often obferv'd in leaves, which in 
thofe places where thofe feeds have been caft, have by degrees Twell'd 
paffitg C ^° S t t k en?J P erfea ty round, as not to leave any perceptible 

/ rom Tf 5 \ . fu ? pofe that Galls ’ Oak-apples, and feveral 

other produChons of that kind, upon the branches and leaves of Trees 

nJHf? 1 ? r forif you °P enan y of them, when al moft ripe, you 

Gal L » ^ 111 th f m * Thus > if y° u °pen never fo many dry 

Is, you (hall find either a hole whereby the Worm has eat its patfage 
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•"? “c P afla S e > you may, by breaking or cutting the Gall 

find in the middle of it a fmall cavity, and in it a Small body, which doet 
plainly enough yet retain a lhape, to manifeft it once to have been * 
Worm, though it dy d by a too early reparation from the Oak on which 
it greets navel-ftring, as Were, being broken off 'from the leaf or branch 
&om ^ k 0C ^ l ^ at ’ nve ^°P ^ it, received its nourilhment 



And indeed, if we confider the great care of the Creator in the difnen- 
lations of his providences for the propagation and increafe of the race not 
onely of all kind of Animals, but even of Vegetables, we cannot chufe 
but admire and adore him for his Excellencies, but we fhall leave off to 
admire the creature, or to wonder at the ftrange kind of a ding in fevers! 
Animals, which feem to favour fo much of reafon } it feeming to metnoft 
manifeft, that thofe are but admgs according to their ftrudures, and fuch 
operations as fuch bodies, fo compos’d, muff neceffarily, when there are 
fuch and fuch circumftances concurring, perform : thus,whenwe find Flies 
fwarming, about any piece offlefh that does begin a little to ferment;But 
termes about Colworts,and feveral other leaves,wliich will ferve to hatch 
and nourifh their young ; Gnats, and feveral other Flies about the Wa- 
ters, and marifhy places, or any other creatures, feeking and placing their 
Seeds m convenient repofitories, we may, if we attentively confider and 
examine it, find that there are circumftances fufficient,upon the fuppolals 
of the excellent contrivance of their machine, to excite and force them to 
a£t after fuch or fuch a manner $ thofe fteams that rife from theft feveral 
places may, perhaps, fet feveral parts of thefe little Animals at work,even 
as in the contrivance of killing a Fox or Wolf with a Gun, the moving 
of a firing, is the death of the Animal i for the Beaft, by moving the fleft 
that is laid to entrap him, pulls the firing which moves the trigger, and 
that lets, go the Cock which on the fieel ftrikes certain (parks of fire 
which kindle the powder in the pann, and that prefently flies into tie 
barrel, where the powder catching fire rarifies and drives out the bullet 
which kills the Animal , in all which actions, there is nothing of intention 
or ratiocination to; be afcrib’d either to the Animal or Engine, but all to 
the ingenioufnels of the contriver. 

But to return to the more immediate confideration of our Gnat : 
We have in it an Inftance, not ufual or common, tof a very ftange amphi- 
bious creature, that being a creature that inhabits the Air, does yet pro- 
duce a creature, that for feme time lives in the water as a Fifti, though 
afterward (which is as ftrange) it becomes an inhabitant of the Air, like 
its Sire,in the form of a Fly. And this, me thinks, does prompt me to pro- 
pole certain conjectures, as Queries, having not yet had Efficient oppor- 
tunity and leifure to anlwer them my felf from my own Experiments 
or Obfervations. 

And the firft is. Whether all thole things that we foppole to be bred 
from corruption and putrifadion, may not be rationally luppos d to have 
their origination as natural as thefe Gnats, who, ’tis very probable, 
were firft dropt into this Water, in the form of Eggs. Thole Seeds or 
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Fjrgs muft certainly be very final 1 , which folmaii a creature as a Gnat 
yields, and therefore* we need not wonder that we find not the Eggs 
theipfelves, fome of the younger of them, which 1 have obferv’d, having 
not exceeded a tenth part of the bulk they have afterwards come to 5 and 
next, I have cbferved lome of thofe little ones which muft have been gene* 
rated after the Water was inclofed in the Bottle, and therefore moft pro* 
bably from Eggs, whereas thole creatures have been fuppos’d to be bred 
of the corruption of the Water, there being not formerly known any 
probable way how they Ihould be generated. 

A fecond is, whether thefe Eggs are immediately dropt into the Water 
by the Gnats themfdves, or, mediately, are brought down by the falling 
rain i for itfeems not very improbable, but that thofe imall feeds of Gnats 
may (being, perhaps, of fb light a nature, and having fo great a propor- 
tion of lurface to fo fmall a bulk of body) be ejedea into the Air, and 
fo, perhaps, carried for a good while too and fro in it, till by the drops 
of Rain it be walk'd out of it. 

A third is, whether multitudes of thofe other little creatures that are 
found to inhabit the Water for _ fome time, do not, at certain rimes, take 
wing and fly into the Air, others dive and hide themfelves in the Earthj 
and ib contribute to the increafe both of the one and the other Element. 



P-ofifcript. 

A good while fince the writing of this Defcri prion, I was prefented by 
Dcdor Peter Bali, an ingenious Member of the Royal society 3 with a little 
Paper of Nuts, which he told me was font him from a Brother of his out 
of the Countrey, from Mambead in Devonjbirt^ fome of them were loofe, 
having been, as I fuppofe, broken off, others were ftill growing faff on 
upon the fides of a ltick, which feem’d by the bark, pliablenels of it, and 
by certain ftrings that grew oat of it, to be fome piece of the root of 
a Tree y they were all of them dry cl, and a little ftn i veil’d, others more 
round, of a brown colour 5 their lhape was much like a Figg, but very 
much finaller,fbme being about the bignels of a Bay-berryot hers, and the 
biggeft, of a Hazel-Nut. Some of thefe that had no hole in them, I care- 
fully opened with my Knife, and found in them a good large round white 
Maggot, almoft as bigg as a fmall Pea, which feem’d fhap’d like other 
Maggots, but Ihorter. I could not find them to move, though I ghefs’d 
them to be alive, bccaufe upon pricking them witha Finn, there would ift 
ue out a great deal of white mucous matter, which feem’d to be from a vo- 
untary contradion of their Ikin 5 their hulk or matrix confifted of three 
U)ats,like the barks of T rees, the outermoft being more rough and fpon- 
gie,.and the thickeft, the middlemoft more clofe. hard white, and thin, 
the mnermoft very thin, feeming almoft like the Ikin within an Egg’s fhell. 

1 he two > outermoft had root in the branch or ftick, but the mnermoft 
tl f ™ or procefs, but was onely a Ikin that cover’d the cavity of 

t^ur A? t l£ N V tS that J ] ad no holes eaten in them 3 1 found to con- 
e e Maggots, but all that had holes, I found empty, the Maggots, 
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it feems, having eaten their way through, taken wings and flown away 
as this following account (which I receiv’d in writing from the fame per- 
ron, as it was lent him by his Brother) mani lefts. In a moorijh black 
Veaty mouldy with fame fmall veins of whitifi yellow Sands, upon occafon 
°f digging a hole two Or three foot deep , at the head of a Pond or Pool, to 
Jet a Tree in, at that depth , were found, about the end of O (Sober 166*. j ft 
thofe very veins of Sand , thofe Buttons or Nuts , flicking to a little " 'loofi 
flicks, that is, not belonging to any live Free, and fame of them alfo free by 
themfelves. 

Four or five of which being then open’d, fame were found to contvj» 
live Infe&s come to perfeQion , mojl like to flying Ants, if not the fame 5 in 
others , Infers, yet imperfect, having but the head and wings form'd, the ref 
remaining afoft white pulpy fitbfanct. 

Now, as this furniflies us with one odd Hiftory more, very agreeable to 
what I before hinted, lb I doubt not, but were men diligent obfervers, 
they might meet with multitudes of the fame kind, both in the Earth and 
in the Water, and in the Air, on Trees, Plants, and other Vegetables, all 
places and things being, as it werc.animarum plena. And I have often,wkh 
wonder and pleafure,in the Spring and Summer-time, look’d clofe to ; and 
diligently on, common Garden mould, and in a very fmall parcel of it, 
found fuch multitudes and diverfities of little reptiles feme in hulks, others 
onehp creepers, many wing’d, and ready for the Air , divers hulks or ha- 
bitations left behind empty. Now, if the Earth of our cold Climate be fo 
fertile of animate bodies, what may we think of the fat Earth of hotter 
Climates ? Certainly,the Sun may there, by its activity, caufe as great a 
parcel of Earth to fly on wings in the Air, as it does of Water in fleams 
and vapours. And what fwarms muft we fuppofe to be font out of thofe 
plentifull inundations of water which are poured down by the fluces of 
Rain in fuch vaft quantities ? So that we need not much wonder at thofe 
innumerable clouds of Locufts with which Africa , and other hot coun- 
tries are lo peflred, ftnee in thofe places are found all the convenient 
caufes of their production, namely, genitors, or Parents, concurrent re- 
ceptacles or matrixes, and a lufficient degree of natural heat and moifture. 

I was going to annex a little draught of the Figure of thofe Nuts fent 
out of Devonfiire , but chancing to examine Mr. Parkinfon s Herbal 
for foraething elfe, and particularly about Galls and Oak-apples, I found 
among no lels then 24. feveral kinds of excreicencies of the Oak, which I 
doubt not, but upon examination, will be all found to be the matrixes of 
lo many feveral kinds of Infects 5 I having obferv d many of them my felt 
to be fo, among 24/lever a 1 kinds, I fay, I found one deicribed and Figur d 
dire&Iy like that which I had by nie^the Scheme is there to be ieen s the de 
feription, becaufe but fhort, I have here ad join’d Theatri Botanies tnb.16. 
Chap. 2, There gremth at the roots of old Oafs in the Springtime, and 
Jemetimes alfo in the very heat of Summer, a peculiar find of Jhttfl a cm o> 
Excrefcence, call’d Uva Quercina, fwel/ing out of the Earth, many growing 
one dole unto another , of the f of non of a Grape , and theiefote 00 
the name , the Oak-Grape , and is of a Purplifh colour on t se eW j 





' Micrograph iA* 

j within lik *” d ** the end °f Summer becomcth hard 

i Whether this be the very fame kind, I cannot affirm, but 

wh the picture and Defcription come very neer to that I have, 
P° that he fecms not to take notice of the hollo wneft or Worm, for 
which 'tis nioft obfervable. And therefore ’tis very likely, if men 
L but take notice, they might find very many differing Species of thefe 
Nuts Ovaries, or Matrixes , and all of them to have much the fame 
Wnation and office. And I have very lately found feyeral kinds of Ex- 
rrefcencies on Trees and Shrubs, which having endured the Winter, up- 
on opening them, 1 found rooft of them to contain little Worms, but 
dead, thofe things that contain’d them being wither d and dry. 




Obferv. X L IV. Of the tufted or Brufe-bornd Gnat, 



T His.little creature was otre of thofe multitudes that fill our Enghfo 
air all the time that warm weather lafts, and is exafrly of the fhape 
of that I obferv’d tb be generated and hatch’d out of thofe little Infers 
that wriggle up and down in Rain-water. But, though many were of this 
form, yeti obferv’d others to be of quite 'Other kinds j nor were all 
of this or the ether kind generated out of Water Infects 5 for whereas I 
obfaVd that thofe that proceeded from thofe Infects were at their full 
growth, I haveaho found multitudes of the fame fhape, but much fmaller 
and tenderer teeming to be very young ones, creep up and downupon 
the teavesof Trees, and flying up and down in fmall drifters, in places 
very remote from water 5 >and this Spring, I obferv’d one day, when the 
Wind was very calm, and the afternoon very fair, and pretty warm, 
though it had for a longtime been very cold weather, and the Wind con- 
tinued ftill in the Eaft, feveral fmall fwarms of them playing to and frO 
in little clouds in the Sun, each of which were not a tenth part of the 
bigrteftof one of thefe I here have delineated, though very much of the 
fartie fhape, which makes me gheft, that each of thefe fwarms might be 
the of- fp ting of one onely Gnat, which had been hoorded up in feme fafe 
reppfitbry all this Winter by fome provident Parent, and were now, by 
the warmth of the Spring-air, hatch’d into little Flies. 

And indeed, fo. various, and feemingly irregular arethe generations or 
productions of Infeffs, that he that fhall carefully and diligently obierve 
the ftveral methods of Nature therein. Will have infinitely caufe further 
to admire the wifdom and providence of the Creator 5 for not oriely the 
fime kind of creature may be produc’d from feveral kindsofovays, but 
the very fame creature may produce feveral kinds : For, as divers Watches 
may be made out of feveral materials, which may yet have all the fame 
appearance, and move after the fame manner, that is,fhew the hour equally 
mie, the one as the other, and out of the fame kind of matter, like 
Watches, may be wrought differing ways* and, as one and the fame Watch 
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, ^ mtbin like Milk , *» tfie end °f Summer becometh hard 

w 0 ody. Whether this be the very fame kind, I cannot affirm, but 
both the Picture and Defcription come very neer to that I have, 
but that he feems not to take notice of the hollo wnefs or Worm, for 
which ’tis moft: obfervable. And therefore ’tis very likely, if men 
did but take notice, they might find very many differing Species of thefc 
Nuts ovaries, or Matrixes, and all of them to have much the fame 
detonation and office. And I have very lately found feveral kinds of Ex- 
crefcencies on Trees and Shrubs, which having endured the Winter, up- 
on opening them, I found moft of them to contain little Worms, but 
dead, thofc things that contain’d them being wither’d and dry. 



Obferv. X L I V. Of the tufted or Brufb-horrid Gnat. 

T Hre little creature was one of thole multitudes that fill our Ettglijh 
air all the time that warm weather lafts, and is exaftly of the Ihape 
of that I obferv’d to be generated and hatch’d out of thole little Inledfe 
that wriggle up and down in Rain-water. But, though many were of this 
form, yet f obferv’d others to be of quite -other kinds 5 nor were all 
of this or the ether kind generated out of Water Infefts ; for whereas I 
obferv’d that thofe that proceeded from thole Infcdfs were at their full 
growth, I have allb found multitudes of the lame fhape,but muchfmaller 
and tenderer leaning to be very young ones, creep up and downupon 
the leavesof Trees, and flying up and down in fmall clnfters, in places 
very remote from water 5 and this Spring, I obferv’d one day, when the 
Wind was veiy calm, and the afternoon very fair, and pretty warm, 
though ir had for a long time been very cold weather, and the Wind con- 
tinued ftill in the Eaft, feveral fmall (warms of them playing to and fro 
in little clouds in the Sun, each of which were not a tenth part of the 
bigrfclsof one of thele I here have delineated, though very much of the 
fartteThape, which makes me ghefir, that each of thele fwarms might be 
theof-lpringof one onely Gnat, which had been hoorded upinfome lafe 
repofitory all this Winter by fome provident Parent, and were now, by 
the warmth of the Spring-air, hatch’d into little Flies. 

And indeed, fo various, and feemingly irregular are the generations or 
produftions of Infers, that he that fhall carefully and diligently obierve 
the leveral methods of Nature therein. Will have infinitely caule further 
toadmirethe wifdpm and providence of the Creator 5 for not oriely the 
fame kind of creature may be produc’d from feveral kinds of ways, but 
the very lame creature may produce leveral kinds : For,as divers Watches 
tnay be made out of feveral materials, which may yet ha ve all the fame 
*ppearahce,and move after the fame manner, that is,lhew the hour equally 
tate, the one as the other, and out of the fame kind of matter, like 
V vatches,may be wrought differing ways; and, as one and the lame Watch 
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may,, by being diverGy agitated, or mov'd, by this or that agent,' or after 
this or that manner, produce a quite contrary effe& : So may it be with 
thele mod curious Engines'of Infers bodies j the All-wife God of Nature 
tnay have lb ordered and dilpofed the little Automatons ^ that when nou- 
rifhed, a died, or enlivened by this caufe, they produce one kind ofefibft 
dr animate lhape, when by another they ad quite another way, and ano- 
ther Animal is produc’d. So may he fo order feveral materials, as to 
make them, by feveral kinds of methods, produce fimilar Automatons. 

But to come to the Defcription of this Infe£t,as it appears through a Mi- 
crofiope^of which a reprelentation is made in the 28. Scheme . Its head A is 
exceeding fmall, in proportion to its body, confifting of two clufters of 
pearl’d eyes B B, on each fide of its head, whole pearls or eye-balls are 
curioully rang’d like thofe of other Flies , between thefe,in the forehead 
of it, there are plac’d upon two fmall blackballs, CC, two long jointed 
horns, tapering towards the top, much refembling the long horns of 
Lobfters, each of whole ftems or quills, DD, were brifled or brufhed 
with multitudes of fmall ftift hairs, illuing out every way from the feve- 
ral joints, like the firings orlproutings of the herb Horfc-tail^ which is 
oft obferv’d to grow among Corn, and for the whole lhape, it does very 
much refemble thofe brttfoy Vegetables ; befides rhefe, there are two other 
jointed and brifled horns, or feelers, E E, in the forepart of the head, and 
a probojck , F, underneath,which in fome Gnats are very long, ftreight 
hollow pipes, by which thele creatures are able to drill and penetrate 
the fkin, andjthence, through thole pipes fuck lo much bloud as to ftuff 
their bellies lo full till they be ready to burft. 

This Imall head,with its appurtenances, is faftned on by a Ihort neck,G, 
to the middle ofthe thorax , which is large, and leems cafed with a ftrong 
black lhel,H I K, out of the under part of which, iflue fix long and Header 
JegSjLLLLLLjfliap’d juft like the legs of Flies, but fpun or drawn out 
longer and llenderer,which could not be exprefi’d in the Figure, becaufe 
of their great length } and from the upper part, two oblong, but flender 
tranfparent wings, M M, lhaped lomewhat like thole of a Fly, underneath 
each, of which, as I haveoblerv’d al lb in divers forts of Flies, and other 
kinds of Gnats, was placed a fmall' body, N, much refembling a drop 
of Ibme tranfparent glutinous fubftance, hardned or cool’d, as it was at- 
moft ready to fall, for it has a round knob at the end, which by. degrees 
grows llenderer into a fmall ftem,and neer the infection under the wing, 
this ftemagain grows bigger 5 thefe little Vendulums ^ as I may lo call them, 
the litle creature vibrates to and fro very quick when it moves its wings, 
and I have fometimes obferv'd it to move themalfo, whilTt the wing lay 
fiill, but al ways their motion feem’d to further the motion of the wing 
ready to follow ; of what ufe they are, as to the moving of the wing, or 
otherwile, I have not now time to examine. 

Its belly was large, as it is ufually in all Infers, and extended into nine 
lengths or partitions, each of which was cover’d with round armed rings 
or fhells 3 fix of which, O P Qjl ST were tranfparent, and divers kinds 
of Perijlaltick. motions might be very eafily perceiv’d, whii’ft the Animal 
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Was alive, but efpeciaily a toU efcer white part V, fktafU beat like 
7 heart of a larger Animal. The haft three divifios, W X were co- 
>r’d with black and opacous fhells. To conclude > take this creature 
Aether and for beauty and curious contrivances, it may be compared 
lah the lareeft Animal upon the Earth. Nor doth the Alwife Creator 
feem to have fiiewn lefs care and providence in the fabrick of it, then in 
thofe which feem moft confiderable. 



Obferv. X L V, Of the great Bell/d Gnat or female Gnat.' 

T Hefecond Gnat, delineated in the twenty ninth Scheme, is of a 
very differing fhape from the formerjbut yet of this fort alio,! found 
feveral of the Gnats, that were generated cut of the Water Infed: : the 
tvings of this, were much larger then thofe of the other, and the belly 
touch bigger, fhortcr and of an other fhape; and, from feveral particu- 
lars, I gheftit to be the Female Gnat, and the former to be the Male. 

The thorax of this .was much like that of the other, having a very ftrong 
and ridged back-piece, which went alfo on either fide of its 3 eggs; about 
the wings there were feveral joynted pieces of Armor, which feem’d cu- 
rio idly and conveniently contriv’d, for the promoting and ftrengthning 
the motion of the wings;its head was much differing from the other,being 
much bigger and neater fbap’d, and the horns that grew out between his 
eyes on two little balls, were of a very differing fhape from the tufts of 
the other Gnat, thefe having but a few knots or joynts, and each of 
thofe but a few, and thofe fhort and ftrong, brilles* The for moft horns 
or feelers, were like thofe of the former Gnat. 

One of thefe Gnats I have fufferd to pierce the fkin of my hand, with 
its probofeiS) and thence to draw out as much blood as to fill its belly 
as foil as it could hold, making it appear very red and tranfparent ; and 
this without any further pain, then whil ft it was finking in its proboftis , as 
it is alfo in the flinging of Fleas : a good argument, that thefe creatures 
do not wound the fkin, and fuck the blood out of enmity and revenge, 
but for meer neceffity, and to fatisfy their hunger. By what means this 
creature is able to fuck, we fhall fhew in another place. 



Obferv. XL VI. Of the white featherwingd Moth or Tinea 
Argentea. 



creftope : to the Eye it appear’d a finall Milk white Fly with four white 
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W.K alive but efpecially a finall cleer white part V, feemed to beat like 
SLtt offlareer Animal. The laft three divifios>W X Y, wereco- 
■ d w ] t h black and opacous (hells. To conclude, take tlus creature 
ILcrerher and for beauty and curious contrivances, it may be compared 
with the largeft Animal upon the Earth. Nor doth the Alwife Creator 
feem to have (hewn lefs care and providence in the fabrick of it, then in 
thofe which feem moft confiderable. 



Obferv. X L V. Of the great Belly d Gnat or female Gnat* 

T Hefecond Gnat, delineated in the twenty ninth Scheme, is of a 
very differing fhape from the formerjbut yet of this fort alfo,I found 
feveral of the Gnats, that were generated out of the Water Infedt : the 
wings of this, were much larger then thofe of the other, and the belly 
much bigger, fhorter and of an other ffiape $ and, from feveral particu- 
lars, I gheft it to be the Female Gnat, and the former to be the Male. 

The thorax ofthis.was much like that of the other,having a very ftrong 
and ridged back-piece, which went alio on either fide of its leggsj about 
the wings there were feveral joynted pieces of Armor, which feem’d cu- 
rioully and conveniently contriv’d, for the promoting and ftrengthning 
the motion of the wings.-its head was much differing from the other, being 
much bigger and neater fbap’d, and the horns that grew out between his 
eyes on two little balls, were of a very differing fhape from the tufts of 
the other Gnat, thefe having but a few knots or joynts, and each of 
thofe but a few, and thofe fhort and ftrong, brides* The formoft horns 
or feelers, were like thofe of the former Gnat. 

One of thefe Gnats I have fuffer’d to pierce the fkin of my hand, with 
its probofcis , and thence to draw out as much blood as to fill its belly 
as full as it could hold, making it appear very red and tranfparent 5 and 
this without any further pain, then whil ft it was finking in its probofc y>, as 
it is alio in the flinging of Fleas : a good argument, that thefe creatures 
do not wound the fkin, and fuck the blood out of enmity and revenge, 
but for meer neceffity, and tofatisfy their hunger. By what means this 
creature is able to fuck, we fhall (hew in another place. 



Obferv. XL VI. Of the white featherwing'd Moth or Tinea 
Argentea. 

T His white long wing’d Moth, which is delineated in the 30 .Scheme^ 
afforded a lovely objedt both to the naked Eye,and through a Mi- 
crofcfipe : to the Eye it appear’d a fmall Milk white Fly with four white 
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to confift of twofmall long Feathers ferv curiouflv tft A W,n J^ r «m’d 

Uiftsot along wing-feather of feme Bird, and their ftalksoTfl-f ' kethe 
the M “ y be P^lySy 

wtth various kinds of curious white Feathers, whlh 
or touching, eafily rubb off audfly about, in fo much rhar 1 ' V ‘ t ,. handllfl g 
angers, with which I had handled this Moth, and perceiving on rh ° n ? y 

Bfe3® & « 4 *fe3St 

$&Eme&guitst 

Thirdly. J founds ss in Birds sHo isnornHlp if inJ Aifr * i 

Pr Founhlv ” d f ° f F • athe h rs ’ ttat T Crcd fcv “‘ £2£SF ^ 

? h’ dy ’ with ai " ore fceuJateMd 
were nOThlo&mT^ 1 ' f °"" d ? a , tthe ' ufeor hniresofits Wings 

twiees reiemblinc, n in 0 ]| i '^’- ! thick let elufter of Imall virnim or 
twiggs, relcmblmg a imall twigg of Bjrch, ftript or whittled, with which 

and®i;in“ l?' off the daft fLcS 

Br L Hi of Hip FV if" * U y ° ne ° j^ e or branches that compofed the 

[ ; Of the Feathers, appeared m this bigger Magnifying Clafs (of which 

E F wmch reprdents part of an Inch, if, he fcale, as G is of the e&r, 

mrr ofhi° n p y ‘ J The Feath ™ ^ that covered a 

L of ins Body, and were interfperfed among the brnfli of his Wings, I 

found, in the bigger Magnifying Glafs, of the fliape A, confuting of a Salk 
i fk’m in the middle, and a Teeming tuftednels or brufliy part on each 
! . * . 1 he Feathers that cover dmoft part of his Body and the ftalk of 
5 s w *; r< V n the fame Microfiope, much of the figure B, appearing of 

the fliape of a imall Feather, and feemed tufted : thofe which covered 
the Horns and fraall parts of the Leggs, through the fame Murofcopc, ap- 
pear d of the fhape C Whether the tufts of any or all of thefe fmall 
t eatners, conftfted of fuch component particles as the Feathers of Birds, 

1 much donbt 5 becaufe I find that Nature docs not alwaies keep, or ope- 
rate aftet the fame method , in (mailer and bigger creatures. And 
of this, we have particular Inflances in the Wings of fcveral creatures. 
For whereas, in Birds of all kinds , itcompofes each of the Feathers of 
which its Wing con lifts, of fuch an exceeding curious and moft admirable 
and uujpendioiis texture, as I elfe where fhew, in the Obfervations on a 
Feather > we find it to alter its method quite, in thefabrick of the Wings 
of thefe minute creatures, compofing fomeof thin extended membranes 
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nt (kins, (uch as the Wings of Dragon-flys ; in others, thofe.ftinsaye.'ali; 
over-grown, or pretty thick beftuck, withfliort brUles,.as in ^ 
in others, thofe filmes are covered, both on the upper and under 
w jth fmall Feathers, plac’d almoft like the tyleg on a HOufe, bndarc- 
curioufly rang'd and adorn’d with moft lively colours, ■as..- is. Bb-i 
fcrvable in Butter-flies, and feveral kinds of Moths 5: rndthe.rs^dnfiread of 
their films. Nature has provided nothing, but d- matter! ofiih } alf ,a fcore 
ftalks(if I well remember the number; for I ha velnot lately met with any, 
of thefe flys, and did not, when ffirft obferv’d them, take Sufficient notice 
of divers particulars^ and each of thefe ftalks, : with a fewfibgle branchy 
in© on each fide, refcmbling much the branched back-bone of a Herring 
or the like Fifh, ora thin hand Peacocks feather^ the top or the eye ; 
being broken off With a few of thefe on either fide (which it was ableta 
Jfcutupor expand at plealure, much like a Fann, or rather dike thepo- 
ftureof the feathers in awing, which ly all. one under another, when, 
fhut, and by the fide of each other, when expanded) this pretty little; 
grey Moth (for fuch was the creature I obferv’d , thus wing’d) could ye-, 
ry nimbly, and as it feem’d very eafily move its: corpujcle through the; 
Air, from place to place. Other Infects have t heir wings cas d, or cover’d 
over, with certain hollow fhells, fliap’d almoft like thofe hollow Trayes, 
in which Butchers carry meat, whole hollow tides being turn’d down- 
wards, do net only fecure their folded wings from injury of the earth, 
in which moft of thofe creature? refide, b.ut;whi Iff they fjy^. lerves-as^ 
lielp to tuftain and bear them up. And thdfe are obfervabldin Sc'athMfo 
and a multitude of other terreftrial cruft aceow Infedts ; in w hich we inay 
yet further obferve a particular providence of Nature. 

Now in all thefe kinds of wings, we obferve this particular, as a thiigjf 
moft worthy remark ; that where ever a wing confifts of difcontimidd 
parts, the Pores or wtcrjlitia between thofe - parts are Veryfeldom, either 
much bigger, or much fmaller, then thefe which we here find between the* 
particles of thefe brulhes, fo that it fliould feem to intimate, that the- 
parts of the Air are (rich, that they will net . eafily or readily,- if at all, pafs 
through thefe Pores, lb that they leetn robe {trainers fine chough to hi ri- 
der the particles of the Air (whether hinder-d by their bulk, or by their! 
agitation ^ circulation ^rotation Or undulation^ I lira 11 not heredetermine) 
from getting through them, and, by that means, ferve the Animal-as we%if 
not better, then if they were little films, t fay, if hot better, becaufe J 
have obferv d that all thofe creatures, that haves film’d wihgsymove them 
aboundantly quicker and more ftronglyjffich as'allkindof Miesiahd .Sea.} 
rabees and Batts, then fnch as have their wings .covered with feathers, as’ 
butter-flies and Birds, or twiggs, as Moths, which have: each/ of them a 
much flower motion of their wings; That little ruggedne&perhaps.ofs 
their wings helping them fomcwhat.by taking better hold ofthd parts c£- 
t ie Air, or not fuflering them fo eafily to pais by, aby -other way then. one., • 

, ^whatever be the reafon of it, tis moft evident; that the ibooth 
vtng d Inkers have the ftrongeft Mufclesor movent parts of their wings,' 
and the other much weaker ; and this very Infe^We are ^nowidefertbing,.- 
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or (kins, fuch as the Wings of Dragon-flys 5 in others, thofe (kinsare^lij 
over-grown, or pretty thick beftuck, withfliort brides, as in Flefti-flie : ? ; 
in others, thofe filmes are covered, both on the upper and under 
with fmall Feathers, plac’d almoft like the tyles on a Hbufe, and; are- 
curioudy rang’d and adorn’d with mod lively colours, as- is ; jab-; 
fervable in Butter-dies, and leveral kinds ofMoths 5. luothers, inftcad of 
their films. Nature has provided nothing, but a matter ofibhlf , a (core 
ftalks(if I well remember the number; for I ha veinot lately fljfet With any ; 
of thefe flys, and did not, when I firft obferv’d thdn, take fuffigient notice 
of divers particulars) and each of thefe (talks," with a few firigle braneb- 
ingson each fide, refembling much the branched backbone of a Herring; 
or the like Fifh, ora thin hair’d Peacocks feather; the. top or the ey6 
being broken ofr! With a few of thefe on either (idefwhich it was able ta 
(hutupor expand at plealure, much like a Farm, or rather-like thepo- 
fture of the feathers in a wing, which ly all . one under a'nother, when, 
(hut, and by the fide of each other, when expanded) this pretty little 
grey Moth (for fuch was the creature I obferv’d, thus wing’d) could ve-, 
ry nimbly, and as it (eem’d very eafily move its 1 cprpttfcle , through the; 
Air, from place to place. Other In lefts have their wings cas’d; 0r cover’d 
over, with certain hollow (hells, fhap’d almoft like thofe hollow Trayes, 
in which Butchers carry meat, whole hollow (ides being turn’d down- 
wards, do net only fecure their folded wings from injury of the earth, 
in which moft of thofe creatures. refide, b.utyyhilftjthey fjy^. ferves-as 
help to fu Train and bear them up.' And ( nefe are obfetva bi fthi Scht&ftdbf 
and a multitude of other terreftrial crujlaceous In lifts 5 in which wethay 
yet further obferve a particular providence of Nature. 

Now in all thefe kinds of wings, we obferve this particular, as a thirg? 
moft worthy remark; that where ever a wing confifts of difeontinued 
parts, the Pores or interfiitia between thofe pai ts are veryfeldom, either 
much bigger, or much (mailer, then thefe which we hcrefind between the, 
particles of thefe bruflies, fo that it ftiould feemto intimate, that the 
parts of the Air are fuch, that they will notyafily or readily, if at all, pafs, 
through thefe Pores, fo that they feem to be ftrainers fine enough to hin- 
der the particles of the Air (whether hinder’d by their bulk, or by their 
agitation,, circulation, rotation Or undulation-, I (hall not here determine)! 
from getting through them, and, by that means,feiwe the Animalas weli-jif 
not better, then if they were little films. I fay, if riot belt'd-; beeaufel 
have obferv’d that all thofe creatures, that have! film’d wings, move them 
aboundantly quicker and more ftrongly,fuch as : allkind of Fiiesftnd Seal 
rabces and Batts, thenfuch as have their wings .covered with feathers as' 
butter flies and Birds, or twiggs, as Moths, which have: cadtof client a 
much flower motion of their wings ; That little ruggednefe.perhaps oft 
their wings helping them fomewhat,by taking bettef hold of thd parts ofr 
p lr > *? r not iU ^ el ’i n g them fo eafily to pafi By, ahy/otfaer kaVjthen ione j r 
be t thc / eafon ( pfit 5 «s moft evident;.. that the fmboth 
n . ccti bave tbc ftrongeft Mufclesor movent parts of their wings,! 
a the other much weaker; and this very Infcft,we are nowddcrib'ing( 

had 
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had a veryfmall thorax or middle part of his body, if compar’d to the 
length ana number of his wings , which therefore, as he mov’d them ve- 
ry f!owly,fo muft he move them very weakly. And this laft propriety do 
we find lbmewhat obferv’d alio in bigger kind of Flying creatures Birds * 
fb that we lee that the Wifdomand Providence of the All-wife Creator^ 
is not lefslhewn in thefe fmall defpicable creatures, Flies and Moths* 
Which we have branded with a name of ignominy, calling them Vermine* 
then in thofe greater and more remakabie animate bodies, Birds. 

I cannot here ftand to add any thing about the nature of flying, 
though, perhaps, on another occafion, I may fay lomething on that fub- 
jeft, it being fitch as may delerve a much more accurate examination and 
fcrutiny then it has hitherto met with j For to me! there feems nothing 
wanting to make a man able to fiy, but what may be ealily enough fup- 
ply’d from the Mechanicks hitherto known , fave onely the want of 
ftrength, which theMufcles of a man fecm utterly uncapable of, byrea- 
fbn of their fmalnels and texture, but how even flrength alfo may be me- 
chanically made, an artificial Mufcle lb contriv'd, that thereby a man fhall 
be able to exert what ftrength lie pleafes, and to regulate it alfo to his 
own mind, I may elfewhere endeavour to manifeft. 



Obferv. XL VI I. Of the Shepherd Spider, or long leggd 

Spider. 

*He Carter,Shepherd Spider,or long-legg’d Spider, has, for two parti- 
cularities, very few fimilar creatures that I have met with 5 the firft, 
which is difcoverable onely by the Microfcope , and is in the firft and le- 
cond Figures of the scheme, plainly deferib’d, is the curious contri- 
vance of his eyes, of which (differing from mofl other Spiders) he has 
onely two, and thofe plac’d upon the top of a fmall pillar or hillock, riling 
out of the middle of the top of its back, or rather the crown of its head, 
for they were fix’d on the very top of this pillar (which is about the 
heighth of one of the tranfverle Diameters of the eye, and look don in 
another poflure, appear'd much of the fliape, BCD) The two eyes,- BB, 
were placedback to back, with the tranfparent parts,or the pupils, look- 
ing towards either fide, but fomewhat more forward then backwards, 
C was the column or neck on which they flood, and D the crown of the 

head out of which that neck fprung, a P * l 

Thefe eyes, to appearance, feem’d to be of the very lame ftrufmre with 
that of larger binocular creatures, feemmgtohave a very ^oothandve- 
ry protuberant Command in themidft of it to have a very black pup 1, 

incompafled .bout wfcha kind of grey » , 
whether it were able to move thefe eyes to and fro, I have not oblerv d, 
but’tis not very likely he fhould,the pillar or neck C, ^ngto beep- 
ver d and fliffen d with a crufty (hell j but Nature, m probability,!^ P 
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had a very (mall thorax or middle part of his body, if compar’d to the 
length ana number of his wings 5 which therefore, as he mov’d them ve- 
ry ilowly/o muft he move them very weakly. And this laft propriety do 
we find fomewhat obferv’d alfo in bigger kind of Flying creatures, Birds ; 
fo that we lee that the Wifdom and Providence of the All-wife Creator, 
is not lefs (hewn in thefe fmall defpicable creatures. F lies and Moths, 
which we have branded with a name of ignominy, calling them Vermine, 
then in thofe greater and more remakablc animate bodies. Birds. 

I cannot here ftand to add any thing about the nature of flying, 
though, perhaps, on another occafion, I may fay lomething on that fub- 
jett, it being fuch as may delerve a much more accurate examination and 
ferutiny then it has hitherto met with; For to mei there feems nothing 
wanting to make a man able to fly, but what may be eafily enough fup- 
ply’d from the Mechanicks hitherto known , fave onely the want of 
ftrength, which theMufeles of a man feem utterly uncapable of, byrea- 
fon of their fmalnefs and texture, but how even ftrength alfo may be me- 
chanically made, an artificial Mufcle fo contriv'd,that thereby a man (hall 
be able to exert what ftrength he pleafes, and to regulate it alfo to his 
own mind, I may elfewhere endeavour to manifeft. 



Obfcrv. XLVII. Of the Shepherd Spider, or long leggd 
Spider. 

T He Carter, Shepherd Spider,or long-legg'd Spider, has, for two parti- 
cularities, very few fimilar creatures that I have met with ; the hrlt, 
which is difcoverable onely by the Microfcope , and is in the fii ft and le- 
cond Figures of the 31. Scheme , plainly deferib’d is the curious contri- 
vance of his eyes, of which (differing from moft other Spiders) he has 
onely two, and thofe plac’d upon the top of a fmall pillar or hillock, nfing 
out of the middle of the top of Its back, or rather the crown of its head 
for they were fix’d on the very top of this pillar (which is about the 
heighth of one of the tranfverfe Diameters of the eye, and look d on in 
another pofture, appear’d much of the fhape, BCD) The two eyes,.] B B, 
were placedback to back, with the tranfparent parts, or the pupils, look- 
ing towards either fide, but fomewhat more forward then backwards. 
C was the column or neck on which they flood, and D the crown of the 

head out of which that neck fprung. . . „ .. 

Thefe eyes,to appearance, feem’d to be of the very fame ftrufture wi 
that of larger bwocllar creatures, feeming to have a very fcaooth and ve- 
ryproti^erant Cornea, and in the midft of it to have a veiy Hack pup d, 
incompaffed about witha kind of grey ^ 

whether it were able to move thefe eyes to and fro, I have not ob c , 
but ’tis not very likely he fhould,the pillar or neck C, f^tning 
ver’d and ftiffen d with a crufty (hell 5 but Nature, m probability, h ^ 
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ply’d that defeat, by making the Cornea fo very protuberant, and fitting 
It fo deer above the fhadowing or obftrufting of its profpefc by the body, 
that 'tis likely each eye may perceive,though notice cfiftin&ly, almoft a 
Hentijphere, whence having fo final! and round a body plac'd upon fuch 
long leggs, it is quickly able fb to wind, and turn it, as to fee any thing 
difiinfr. This creature, as do all other Spiders I have yet examin'd, does 
very much differ from mo ft other Infects in the Figure of its eyes ; for 
I cannot, with my belt Mkrofcope^ difeover its eyes to be any ways 
knobb’d or pearl’d like thofe of other Infefts. 

The fecond Peculiarity which is obvious to the eye, is alfb very re- 1 
markable, and that is the prodigious length of its leggs, in proportion to 
its fmall round body, each legg of this 1 drew, being above fixteen times 
the length of its whole body, and there are feme which have them yet 
longer, and others that feera of the fame kind, that have them a great deal 
fhorten fhe tight leggs are each of them jointed, juft like thofe of a 
Crab, but every of the parts are- fpun out raodieiouflv longer, in pro* 
portion ; each of thefe leggs are termina ted in a fmall caie or fhell,fhap'd 
almoft like that of a Mufle-fhell, as is evident in the third Figure of the 
fam z Scheme (that reprefents the appearance of the under part or belly 
ofthe creature) by the fhape of the protuberant conical body, I II I, &c. 

Thefe are as 'twere plac’d or fatten'd on to the protuberant body of the 
Infeft, which is to be fuppos'd very high at M,making a kind of blunt cone 
whereof M is to be fuppos’d the Apex, about which greater cone ofthe 
body, the fmaller cones of the leggs are plac’d, each of them almoft reach- 
ing to the top info admirable a manner, as does not a little manifeftthe 
wifdom of Nature in the contrivance 5 for thefe long Leavers (as I may fo 
call them)of the Iegs,havingnot the advantage ofa long end on the other 
fide of the hypomochlion or centers on which the parts of the leggs move, 
muftneceflarily require a vaft ftrength to move them, and ‘keep the 
body ballanc'd and fufpended,in fo much, that if we fhould fuppofe a 
man’s body fufpended by fuch a contrivance, an hundred and fifty 
times the ftrength of a man would not keep the body from falling on the 
bi eafr. To flipply therefore each of thefe leggs with its proper ftrength 
Nature has allow'd to each a large Cheft or Cell, in which is included a 
very large and ftrong Mufcle, and thereby this little Animal is not onely 
able tofufpend its body upon lefs then thefe eight, but to move it verV 
fwiftly over the tops of grafs and leaves. 

Nor are thefe eight leggs fo prodigioufly long, but the - ninth, and 
tenth, which are the two claws, K. K, are as fhort, and fefve in fteed ofa 
probofiu, for thofe feem d very little longer then his mouth; each of them 

5 ?. J- e ! r u- S ’ , but ver .T the joints K K, which reprefented 
{&££& being longer then both the other. This creatme, feems 
S with pleafure obferv’d) to throw its body 

upon the prey, infteed of its hands, not unlike a hunting Spider, which 
leaps like; a Cat at a Moufe. The whole Fabrick was a very prettv one 

rwfiZb >; aVe ed it ; I 1 doubt not but I ibould have Lund as ma- 

> ingularities within it as without, perhaps, for the moft part,not unlike 

the 
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the parts of a Crab, which this little creature does in minv ti>; 
much referable; the curiofityof whofe contrivance I have in 
'xamn d. I omit the description of the horn Sj A A, ofthe^W? 
which feem d likethat of a Crab 5 the fpecklednefs of his fheli 5 f ^ 
proceedec l from a kind of feathers or 

hw large Mer-w and little belly, and the like, they being nmniSHS’ 
the Figure; and fh all onely take notice that the three parts of the bod/ 
fo S e /v th /' ^ ea ^ br ^and be1 ly 5 are in this creature ftrangely confu^d* 
fo that tis difficult to determine which is which, as they arc alfo in a Crab' 
and indeed, this feems to be nothing elfe, but an Air-crab, being ma de 
more light and nimble, proportionable to the medium wherin itrefitW 
and as Air ferns to have but one thousandth part of the body of Water fo 
does this Spider fern not to be a thoulandth part of the bulk of a Crab 5 



Gbferv. X L V 1 1 1, Of the hunting Spider, and fever a! other forts 
(f Spiders. 

T^e hunting Spider is-a foil grey Spider, prettily befpeck’d with 
1 * j r c v ts over body 5 which the Microfcopo difcovers to be a 
feathers like thole on Butterflies wings, or the body of the 
white Moth I lately deferib'd. Its gate is very nimble by fits, fometimes 
running, and fometimes leaping, like a Grafhopper almoft,then Handing 
Hill, and feting it felt on its hinder leggs, it will very nimbly turn its 
body, and look round it Iclf every way r It has fix very confpicuous 
eyes, two looking dire&ly forwards, plac’d juft before; two other, on 
either fide o f thole, looking forward and fide-ways;andtvvo other about 
the middle of the top of its back or head, which look backwards and 
hdc-wai ds ; thele fern d to be the biggeft. The lurface of them all was 
very bJack,fphartical, purely polilh d, refle&ing a very cleer and diftiaft 
Image of all the ambient objects, fuch as a window, a man’s hand, a white 
Paper, or the like. Some other properties of this Spider, obfervd by the 
moft accumplilh’d Mr. Evelyn y in his travels in Italy, are moft empha- 
tically let forth in the Hiftory hereunto annexed, which hewas pleas’d 
upon my defire to fend me in writing. 

Of all the forts of Inie&s, there is none has afforded me 
more divertifements then the Venator es, which are a fort of Luft y 
that have their Denns in the rugged walls,, and crevices of our 
houfes; a fmall brown and delicately fpotted kind of Spiders, 
whole hinder leggs are longer then the reft. 

Such I did frequently obferve at iJWe, which elpying a Fly 
at three or four yards diftance,upon the Balcony (where 1 ftood) 

would 
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wOuld not make directly to her, but craul under the Rail, till 
being arriv’d to the Antipodes , it would fteal up, feldom miffing 
its aim ; but if it chanced to want any thing of being perfectly 
oppofite, would at firft peep, immediatly Hide down again, till 
taking better notice, it would come the nest time exactly upon 
the Fly’s back; But, if this hapn’d not to be within a compe- 
tent leap, then would this Infect move fo fofrly, as the very 
ftiadow of the Gnomon jfeem’d not to be more imperceptible, 
unlefs the Fly mov’d ; and then would the Spider move alfo in 
the fame proportion, keeping that juft time with her motion,as 
if the lame Soul had animated both thofe little bodies ; and 
whether it were forwards, backwards, or to either fide, without 
at all turning her body, like a well mannag’d Horfe; But, if 
the capricious Fly took wing, and pitch’d upon another place 
behind our Huntrefs, then would the Spider whirle its body fo 
nimbly about, as nothing could be imagin'd more fwift ; by 
which means, foe always kept the head towards her prey, though 
to appearance, as immovable, as if it had been a Nail driven 
into the Wood, till by that indifcernable progrefs (being ar- 
riv'd within the Iphere of her reach) fhemadea fatallcap 
(fwift as Lightning) upon the Fly, catching him in the pole, 
where fhe never quitted hold till her belly was full, and then 
carried the remainder home. I have beheld them inftrufting 
their young ones, how to hunt, which they would fometimes 
discipline for not well obferving ; bur, when any of the old 
ones did (as fometimes) mifs a leap, they would run out of 
the field, and hide them in their crannies, as aflham’d, and 
haply not be feen abroad for four or five hours after ■ for fo 
long have I watched the nature of this ftrangc Infeft, the con- 
templation of whole fo wonderfull fagacity and addrefs has 
amaz d me ; nor do I find in any chafe whatfoever, more cun- 
ning and Stratagem obferv’d : I have found fome of thefe SpR 
ders ini my Garden, when the weather (towards the Spring) 
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is veiy hot, but they are nothing fo eager of hunting as thev 
are in Italy, 3 

There are multitudes of other forts of Spiders, whole eyes, and mott 
other parts and properties, are fo exceedingly different both from thofe 
1 have delcrib d, and from one another, that it would be almoft endlefi 
at lean too long for my prefent Efiay, to defcribe them, as feme with fix 
eyes, plac d m quite another order 3 others with eight eyes 3 others with 
fewer, and feme with more. They all foem to be creatures of prey and 

[r- 0n ^her finall Infers, but their ways of catching them foem Very 
difiering : the -hepherd Spider by running on his prey 3 the Hunting Spi- 
der by leaping on it, other forts weave Nets, or Cobwebs, whereby they 
enfnarethem, Nature having both fitted them with materials and tools 
and taught them how to work and weave their Nets, and to lie per- 
due, and to watch diligently to run on any Fly, as foon as ever en- 
tangled. 

Their thread: or web feems to be fpun out of forae vifeous kind of 
excrement, lying in their belly, which, though foft when drawn out, is 
prefently by reafon of its fmalnefs, hardned and dried by the ambient 
Air. Examining feveral of which with my Microfiopey. found them to ap- 
pear much like white Horf-hair, or feme fuch tranfparent horny fubftance, 
and to be of very differing magnitudes 3 fome appearing as bigg as a 
Pigg s brifle, others equal to a Horfs-hair 3 other no bigger then a man’s 
hair 3 others yet fmaller and finer. I obferv’d further, that the radia- 
ting chords of the web were much bigger, and fmoother then thofe that 
were woven round, which feem’d lmaller,and all over knotted or pearl’d, 
with finall tranfparent Globules, not unlike finall Cryftal Beads or feed 
Pearls, thin ft rung on a Clew of Silk 5 which, whether they were fb fpun 
by the Spider, or by the adventitious moifture of a fogg (which I have 
obferv’d to cover all thefe filaments with fuch Cryftal line Beads) I will 
not now difpute. 

Thefe threads were fome of them fo final!, that I could very plainly, 
with the Jkticrojcope 3 difeover the fame confecutions of colours as in a 
Trifme , and they feem'd to proceed from the fame caufe with thofe co- 
lours which I have already deferib’d in thin plated bodies. 

Much refcmbling a Cobweb , or a confus’d lock of thefe Cylin- 
ders, is a certain white fubftance which, after a fogg, may be obferv d 
to fly up and down the Air 3 catching feveral of thefe, and examining 
them with my Microfiope , I found them to be much of the feme form, 
looking moft like to a flake of Worfted prepar’d to be fpun, though 
by what means they fhould be generated, or produc’d, is oat eafily 
imagined : they were of the feme weight, or very little heavier then the 
Air 3 and ’tis not unlikely, but that thofe great white clouds, that appear 
all the Summer time, may be of the fame fubftance. 

Gbferv. 
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Obferv* X L I X. Of an Ant ot Fifmire. 

T HIS was a creature, more troublefom to be drawn, then any of the 
reft, for I could not, for a good while, think of a way to makeit 
fatter its body to ly qtiietina natural poflurej but whifft it was alive' 
if its feet were fetter d in Wax or Glow , it would fo twift and wind its 
body, that I could not any waycs get a good view of it 3 and if I killed 
it, its body was fo little, that f did often lpoile the fhape of it, before I 
could throughly view it: for this is the nature of thefe minute Bodies 
that as fodn,almoft, as ever their life is deftroy’d, their parts immediate- 
ly llmvel and Iofe their beauty 3 and fo is it alfo with finall Plants, as f 
intad before, in the description ofMofs. And thence alfo is the rea- 
fon of the variations in the beards of wild Oats, and in thofe of Mufk- 

g if ha i t ^ iei i b ° / dl r 3 bein 3 exceeding fmall, thofe fmall variations 
whKh are made in the furfaces of all bodies? almoft upon every change 
of An, elpeeially if the body be porous, do here become fenfible, where 
the w ole body is fo fmall, that it is aimoft nothing but furface 3 for as in 
^ 1 fee no great reafon to think, that the moifture of 

the An that, ftickiiig to a wreath’d beard, does make it untwift Jihould 

bm i-T r? 3 6 an / fafter *en the moifture of other bodies 

“ r jj?* the aV ° f 1 ?" fr0m > or . acce 4 of moifture to, the furfaces 
wh* h , ngmuch the fame , thofe bodies become moftfenfible of it 

whcre Icould not -o- it ; a rhougH 

the fpirit of Winewould immediately fly away 'anf e^vlheT^i 
dry, in its natural pofture onrleiA in S * leavethe Animal 

E e a 
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Obferv. X L I X. Of an Ant or Pifmire. 

T His was a creature, more troublefom to be drawn, then any of the 
reft, for I could not, for a good while, think of a way to make it 
fuffer its body to ly quiet in a natural pofture 5 but whil’ft it was alive 
if its feet were fetter’d in Wax or Glew , it would lb twift and wind its 
body, that I could not any wayes get a good view of it ; and if I killed 
it, its body was fo little, that I did often fpoile the lhape of it, before I 
could throughly view it: for this is the nature of thefe minute Bodies, 
that as fodn,aImoft, as ever their life isdeftroy’d, their parts immediate- 
ly flinvel, and lqfe their beauty 5 and fo is it alfo with finall Plants, as I 
111 Ira need before, in the defeription of Moft. And thence alfo is the rea- 
fon of the variations in the beards of wild Oats, and in thofe of Mufk- 
grals feed, that their bodies, being exceeding finall, thofe finall variations 
which are made in the furfaces of all bodies, almoft upon every change 
f An d fP^oally. if the body be porous, do here become fenfible, where 
the whole body is fo fmall, that it is almoft nothing but furface 3 for asin 
vegetable fubftances, I fee no great reafon to think, that the moifture of 
the Aire(that, flicking to a wreath’d beard, does make it untwift Mkould 
ET e \°, reXalea T^ at \y fafter then the moifture of other bodies, 
her h - the av ° Jatl ° n from > accefs of moifture to, the furfaces 
Ifefe b S ng , m n Ch the ftme ’ tbofc bodies bcc ome moft fenfible of it, 
with Animal fiS P ™ P ? rt l on b ° d y to their furface. So is it alfo 

does almoft inftanrl^fl ’ *1 dc ^ d bod y opan Ant, or fuch little creature, 

uoes almoft inftantly flinvel and dry, and your object flail be quite an- 

er thing, before you can half delineate it, which proceeds not from the 

J c f aordma p r exhalation, but from the fmall proportion of body and jui- 

wh,VK- he Ufua • drymg ,° f bod,es in thc Ail 'o especially if warm. For 

cr.t e^dSr'’ WhCre ' C0Uld n °' 0,h ' rwift 

as it were, the Animal, and beine taken our ZTi -P d, ‘ patch * 
■he fpiiit of Wine would 2 vc r/S 

tT ■?”""* p°j ur 5> or « leap, in Iconic, h2 ttktS 
Lh“, hi P ur C plaC - dj ^what pofture you defiredto draw ft ^ and the 
dealt wfthth^rwhkhtr 1 e J ther V 1 ° vin 2 ’ or flariyeling. And thus I 

Jjjj ° fa T y large bind5 that habited under die RooJ^Tree 1 f™" 

in great parties, and make Lft grkvous 

colour* with long le^’forfthe which^woi^’ftand 
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upland raife its head as high as it could above the ground, that it might 
liarethe further about it, juft after the fame manner as I havealfo ob- 
ferv'd a hunting Spider to do: and putting my finger towards them 
they have at firft all run towards it,till almoft at it s and then they would 
ftand round about it, at a certain diftance, and fmell, as it were, and con- 
fider whether they fhould any of them venture any further, till one more 
bold then the reft venturing to climb it 3 all the reft, if I would have fuffer- 
ed them, would have immediately followed : many fuch other Teeming- 
ly rational actions Ihaveobferv’dinthislittle Vermine with much plea- 
lure, which would be too long to be here related s thofe that defire more 
of them may fatisfie their curiofity in hi govs Hiftory of the Barbados. 

Having infnar’d feveral of thefe into a (mail Box, I made choice of the 
talleft grown among them, and feparating it from the reft,! gave it a Gill 
of Brandy, or Spirit of Wine, whichafter a while e'en knock'd him down 
dead drunk, fo that he became moveleft, though at firft putting in he 
ftruggled fora pretty while very much, till at 1 aft, certain bubbles ififi- 
ing out of its mouth, it ceafed to moves this (becaufe I had before 
found them quickly to recover again, if they were taken out prefently ) 
1 fuffered to lye above an hour in the Spirit s and after I had taken it 
out, and put its body and legs into a natural pofture, remained move- 
ids about an hour s but then , upon a Hidden, as if it had been awa- 
ken out of a drunken deep, it iuddenly reviv’d and ran away $ be- 
ing caught, and ferv’d as before, he for a while continued ftrugglingand 
driving, till at laft there iffued feveral bubbles out of its mouth, and then, 
tanquam animarn expira/fet , he remained movelefs for a good while s but 
at length again recovering, it was again redipt, and fullered to lye feme 
hours in the Spirits notwithftanding which, _ after it had layen dry 
fome three or four hours, it again recovered life and motion : Which 
kind of Experiments, if profecuted, which they highly deferve, feem 
to me of no inconfiderable life towards the invention of the Latent 
Scheme, (as the Noble Verulam calls it) or the hidden, unknown Texture 



of Bodies, . 

Of what Figure this Creature appear'd through the Microscope, the 
32. Scheme ("though notfo carefully graven as it ought) will repre- 
fent to the eye, namely. That it had a large head A A, at the upper 
end of which were two protuberant eyes, pearl d like thofe of a Fly, 
but fmaller B B s out of the Nofe,or foremoft part, iffued two horns C C, 
of afhape fufficiently differing from thofe of a blew Fly, though indeed 
they feem to be both the lame kind of Organ, and to ferve for a kind 
of lmelling 5 beyond thefe were two indented jaw3DD, which he 0- 
pen’d lide-wayes, and was able to gape them afunder very wide 5 and 
the ends of them being armed with teeth, which meeting went between 
each other, it was able to grafp and hold a heavy body , three or tour 
times the bulk and weight of its own body : It bad only fix legs, ihap d 
like thofe of a Fly, which, as I Ihewed before, is an Argument that it is a 
winged Infeft, and though I could not perceive any fignof them mthe 
middle part of its body ( which feem'dto confift of three joints or pic- 
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ces EF G, out of which fprung two legs, yet 'tis known that there are 
of them that have long wings, and fly up and down in the air. 

The third and laft part of its body 1 1 ] was bigger and larger then ' 
the, other two, unto which it was joyn'd by a very fmall middle, and 
had a kind of loofelhell, or another diftinft part of its body H, which 
feem’dto be interpos'd, and to keep the thorax and belly from touch- 
ing. ? 

The whole body was cas’d over with a very ftrong armour, and the 
belly III was covered likewifc with multitudes of (mail white fhinin<r 
brifles 5 the legs, horns, head, and middle parts of its body were beftuck 
with Hairs alio, but fmaller and darker. 



Obferv. L. Of the wandrirtgUke. 

I N September and October, 1661. I obferv’d in Oxford feveral of thefe 
little pretty Creatures to wander to and fro, and often to travel over 
the plains of my Window. And in September and O&ober. \ 662. I ob- 
ferv d hkewife feveral of thefe very fame Creatures traverfing a window 
f 1 j T- , a ” d l^ing without the window upon the fubjacent wall I 
found whole flocks oi the fame kind running to and fro among the fmall 
groves and thicketsof green mofs, and upon the curioufjyfpread ing ve- 
getable blew or yellow mofs, which is a kind of a Mufliromeor Tews- 

t n . Thefe , CreatL | res to naked eye feemed to be a kind of black Mite 
but much nimbler and ftronger then the ordinary Cheefe-Mites ‘ but 
examining themm a Microfcope , Ifound them to be a very fine crufted 
cr fhelldlnfedc, much like that reprefented in the firft Figure of the 
leeand thxmettkScheme, with a protuberant oval ftieJl A, indented 
or mtted wnh an abundance of fin all pits , all covered over with little 
white brifles, whofe points all dire&ed backwards. [ lltfI 

ft had eight legs, each of them provided with a verv fharn til Inti r,r 
claw at the end which this little Animal, in its goin Aftned „tot£ 
fores of the body ovet which it went. Each of Thefe leg ^beftnek 

?Sr 0 “ it ;'", ,b multitudes of fmall ha^orT if SeS 
fpeft the proportion they bore to the bignefs of the leg ) tufn Jkef all 
pointing towards the daws. ini P lKcs i aft 

in «tJh aX '°r m i d l le ? ai r ° f the bod y of Ais Creature, was exceed- 
ing fmall, in refpeft both of the head and bellv it beinu- nnrhinev u *. 
that part which was covered by the two fhdk R p rUe, A - J 1 n R but 
gmw thicker underneath.- 

variety Nature ufes in proportioning the three narts of rh T 
the W Thrax, and B,Uy) we ftall not Satki 
portion of this Thorax 5 nor at the vafter bulk of the* hel l v f ^ 
we exactly anatomife this little ^ C °5 ld 

of each part, ihould " 

nageabk 
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mgeaMe and tradable fabricks , find much more reafonto admire 
not ma C dfo?L h wire? mi lVanCeand workmanfhi P> then to wonder, it was 

.* ° f f lS lltdc h f eCt was flia P' d fome what like a Mites, that 

tSjit had a long fnout , m the manner of a Hogs, with a knobbed rkW 

running a o„g Je middle of it, which was beftuck on ekheVfide ± 

r 11 P olntln g forward, and two very large pikes 
ns, which rofe from the top of the head, juft over each eve and 
pomted for vvard alfo. ft had two pretty large black eyes on either fide 

0 the head EE^ from one of which I could fee a very bright reflexion 

01 the windovy,_ which made meghefs, that the Cornea of it was fmooth 
like thole of bigger Infects. Its motion was pretty quick and ftron^ 

whole body ^ eafiIy t0 tUmbIea ftone or clcdfour rimes as big as its 

At the lame time and place, and divers times fince, I have obferved 
With my Mi crofc ope , another little Infed , which, though I have not an- 
nexed the picture of, maybe worth noting, for its exceeding nimblenefs 
as well as fmalnefs, it was as Irnall as a Mite, with a body deep and 
ridged, ajttioft like a Flea it had eight blood-red legs, not very long 
but Lender } and two horns or feelers before. Its motion was fo exceed- 
Jng quick, that I have often loft fight of one I have obferved with my 
naked ejre j and though, when it was not frighted, I was able to follow 
the motions of fume with my Microfcope , yet if it were never fo little 
ftartled, it pofted away with liich fpecd, and turn'd and winded it felf 
lo quick, that I fhould prefently lole fight of it. 

When I fir ft obferv’d the former of thefe Infe&s, or Mites, I began to 
conjecture, that certainly I had found out the vagabond Parents of thofe 
Mites we find in Cheefes, Meal, Corn, Seeds, mufty Barrels, mufty Lea- 
ther, &c. thefe little Creatures, vvandring to and fro every whither, 
might perhaps, as they were invited hither and thither by the mufty 
fteams of fevcral putrifying bodies, make their invafions upon thole new 
and pleafing territories , and there fpending the remainder of their life, 
which might be perhaps a day, or thereabouts, in very plentiful and rio- 
tous living, might leave their off-fpring behind them , which by the 
change of the foil and Country they now inhabite, might be quite al- 
ter'd from the hew of their primogenitors , and, like Mores tranflated into 
Northern European Climates, after a little time, change both their skin 
and fhape. And this feems yet more probable in thefe Infe&s , becaufe 
that the foil or body they inhabit, feems to be almoft half their parent*' 
for it not only hatches and brings thofe little eggs, or feminal principles^ 
to perfection, but feems to augment and nourifb them alfb before they 
are hatch’d or fhaped 5 for it is obvious enough to be obferv’d. that the 
eggs of many other Infects, and particularly of Mites, are increas’d in 
bulk after they are laid out of the bodies of the Infers, and plump’d 
fometimes into many times their former bignefs , fo that the bodies they 
are laid in being, as it were, half their mothers, we flaall not wonder that 
it fhould have fuch an active power to change their forms. We find by 

relations, 
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relations how much the Negro Women do befmeer the ofTpring of the 
■Spaniard^ bringing forth neither white-fkinnU nor black, but tawny 
hided Mulattos. 

Now, though I propound this as probable, I have not yet been lbfarr 
certify ’d by Obfervationsas to conclude anything, either pofitivelyor 
negatively, concerning it. Perhaps, fame more lucky diligence may pleafe 
the curious Inquirer with the dijeovery of this, to be a tmrh T which I now 
conjefture, and may thereby give him a fitisfacrory account of the caule 
of thofe creatures, whofe original Teems yet foobfeure, and may give him 
canfe to believe, that many other animate beings, that fcemalfo to be the 
mere produft of putrifattion, may be innobled with a Pedigree as anci- 
ent as thefirft creation, and fai r exceed the .greateft beings in their nu- 
merous Genealogies. But on the other fide, if it fiiould be found that 
thcfejOr any other animate body, have no immediate fimilar Parent, fhavq 
in another place let down a conjectural Hypothesis whereby thole Phe- 
nomena may likely enough be ibiv’d, wherein the infinite wifdom and 
providence of the Creator is no lefsrare and wonderful}. 




Obferv. LI. Of the Crab-like Infeti. 

R Eading one day in Septemb. T chanced to obferve a very fmaj creature 
creep over the Bock I was reading, very flowlyy having a Mia ofcepe 
by me, r obferv d it to be a creature of a very unufual form, and that not 
lels notable 5 fuch as is deferib'd in the fecond Figure of the 3 3. Scheme It 
was about the bignbfs ofa large MItd.pi- fomewhat longest hadfeiOees 
eight of which, A A A A, were topt with veryfharp claws, and were thofe 
upon which he walk d, teeming fhap’d much like thole ofa Crab, which 
in many other things alfo this little; creature refembled; for the two 
other claws, B B, which were the formpft ofall the ten,and teem: efto grow 
out of his h c_ad dike the horns of other Animals, were exafrly form’d in the 
manner of Crabs or Lobfters claws, for they were lhap’d and jointed 
much like thole reprefened in the Scheme, and the ends of them were fur- 
m(h d with a pair of claws or pincers, C C, which this little animat did open 
and fhut at pJeafure : It feem d to make ufe of thofe two horns or claws 
both for feelers and holders; for in its motion it carried thefe aloft ex- 
tended before, moving them to and fro, juft as a man blindfolded 
would do his hands when he is fearfull of running again!* a wall, and if I 
put a hair to it, it would readily take hold of it with thefe ehwk 
and feem ,0 hold i, faft Now, thlugh thefe boras fa?d » fevc S 
or two ufes,namcly,for feeling and holding; yet he feem’d neither blind 

DD > whiehbythe make of thlrn, lnd“he 
h,„ 8 j ,t ^ ai0n& ? mth ^ r “ md " )b ^ 1S eyes; nor did irwant other 

, e e » ** r *>■*•<> A 

The whole body was cafed over with vmmu-lhelfe, as i, „f„ a ;l i„ all 

thofe 
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thofekmds of crujiaceoits creatures, efpecially about their bellies 
ftemd °, three kinds 5 the head F Teem’d cover’d with a kind of W* 
fhell, the thorax with two finooth (bells, or Rings, G G, and the belli 
with eiglit knobb d ones. I could not certainly find whether it had under 
thefe lair (hells any wings, but I fufpeX the contrary 5 for I have not found 
any wing d Inject with eight leggs, two of thofe leggs being always con* 
verted into wings, and, for the moft part, thofe that have but fix, have 
Wings. c 

This creature, though I could never meet with more then one of 
them, and fo could not make fo many examinations of it as otherwifej 
WOuld,Idid notwithftanding,by reafon of the great curiofity that appear'd 
to me in its fbape, delineate it, to (hew that, in all likelihood, Nature had 
crouded together into this very minute Infect, as many, and as excellent 
contrivances, as into the body of a very large Crab, which exceeds it i n 
bulk, perhaps, fome Millions of times 5 for as to all the apparent parts.there 
is a greater rather then a lefs multiplicity of parts, each legg has as many 
parts, and as many joints as a Crabs, nay, and as many hairs or brifles; and 
the like may be in all the other vifible parts ; and’tis very likely, that the 
internal curiofities are not left excellent : It being a general rule in Na- 
ture’s proceedings, that where file begins to difplay any excellency, if 
thefubjeX be further fearch’d into, it will manifett, that there is not leg 
curiofity in thofe parts which our fingle eye cannot reach, then in thofe 
which are more obvious. 



Obferv, L 1 1, Of the / mall Silver-colour d Book-worm. 

A S among greater Animals there are many that are foaled, both for 
ornament and defence, lo are there not wanting fuch allb among the 
lefler bodies of lhfeXs, whereof this little creature gives ns an Inftance. 
It is a Ihiall white Silver-Alining Worm or Moth, which I found much con* 
verfant among Books and Papers, and is fuppos’d to be that which cor- 
rodes and eats holes through the leaves and covers; it appears to the 
naked eye, almall glittering Pearl-col cur’d Moth, which upon the remov- 
ing of Books and Papers in the Summer, is often obferv’d very nimbly to 
feud, and pack away to feme lurking cranney, where it may the better 
proteft it lelfffom any appearing dangers. Its head appears bigg and 
Blunt, and its body tapers from it towads the tail, imallcr and fmaller, be- 
ing Ihap’d almoft like a Garret. 

This the Microfiopical appearance will more plainly manifefi, which ex- 
hibits, in the third Figure of the gg.Sche/nc^ a conical body, divided into 
fourteen feveral partitions, being the appearance of lb many feveral fhels, 
or fhields that cover the whole body, every of thefe (hells are again co- 
ver’d or tiled over with a multitude of thin tranlparent feales, which, 
from the multiplicity of their receding lurfaces,make the whole Animal 
appear of a perfeX Pearl-colour. - 1 



Micrograph! a* 

Which, by the way, may hint us the reafon of that lb much admired ap- 
pearance of thofe fo highly efteemd bodies, as allb of the like in mother 
of PearMhells, and in multitudes of other fh'elly Sea-fubftances j for they 
each of them confifting of an infinite number of very thin fhells or la- 
minated orbiculations, cau/e fuch multitudes of reflexions, that the com- 
pofitions of them together with the reflections of others that are lb thin 
as to afford colours (of which I elfo where give the reafon) gives a ve- 
ry plcalant reflection of light. And that this is the true caufe,leems likely.; 
firft, becaufe all thofe lb appearing bodies are compounded of multitudes 
of plated fubflances. And next that, by ordering any tralparent fubftance 
;tfteT this manner, the like Phenomena may be produc’d ; this will be made 
very obvious by the blowing of Glafs into exceeding thin fhells, and 
then breaking them into feales, which any lamp- worker will prelentlydo 3 
fora goodquantity of thefe feales, laid in a heap together, have much the 
fame refemblance of Pearls. Another way, nor lels inttruXive and plea- 
iant, is a way which I have feveral times done, which is by working and 
tolling, as ’twere, a parcel of pure cry ftal line glals whilft it is kept glowing 
hot in the blown flame of a Lamp, for, by that tne0s, that purely rraplpa- 
rent body will be fo divided info an infinite number of plates, or (mall 
firings, with interpos'd aerial plates and fibre that from the multiplicity 
of the refleXions from each of thofe internal forfaces, it may be drawn 
out into curious Pearl-like or Silver wire, which though final!, will yet 
be opacousy the fame thing T have done, with a compofition of red Colo- 
phon and Turpentine^, and a little Bee’s Wax, and maybe donelikewife 
with Birdlime, and fuch like glutinous and tranlparent bodies ; But to re- 
turn to our defer iption. 

The final! blunt head of this InleX was liirnilTid on either fide of it 
with a duller of eyes, each of which feem’d to contain but a very few in 
comparifon of what 1 had obferv'd the clutters of other Infers to abound 
with ; each of thefe clutters were befet with a row. of fmall brifles much 
like the cilia or hairs on the eye-lids, and, perhaps, they ferv’d for the 
lame purpofe. It had two long horns before, which were [freight and! 
tapering towards the top, curioufly ring’d or knobb’d, and brifled much 
like theMarfh Weed, call’d Horfe-taifor Cats-tail, having at each knot 
airing d Girdle, as T may fo call it, of fmaller hairs, and feveral bigger and 
larger brifjes,hereand there difpers’d among them : befides thefe it had 
two Ihorter horns, or feelers, which were knotted and fring’d, jutt as the 
former, but wanted brifles, and were blunt at the ends; the hinder pare 
ol the creature was terminated with three tails, in every particular re- 
embfing the two longer horns that grew out of the head : The leggs of 
k were foal d and haird much like the refiy but are notexprefs’d in this 
figure the Moth being mtangled all in Glew, and fo the^eggs of this 

the P back. 00t ° llgh thC Glafs Which l0 ° ked P-Pcndi f ulSy upori 

This Animal probably feeds upon the Paper and covers of Books and 
perforates in them feveral fmall round holes,' finding, perhaps a conve 
ment nounlhment in thofe hulks of Hemp and Flat, whichfiave pafs'd 
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tfe^toany^Qurings wafoings,dreffings and dryings/ as the t*m 
of old Paper muft necefianly have fuffer’d; the digeftivc&ulty,it£ ? 

hnrn 6 ^ l tt ec i eat ? rcsb u lng - able ^ et further ^ work upon thofe ftub- 
born parts, and reduce them into another form. 

nd lndceci , when I confider what a heap of Saw-duft or chips this 
h le creature (which is one of the teeth of Time) conveys intoits in- 
rals. I cannot chufe but remember and admire the excellent contrivance 
ol Mature, m placing in Animalsfuch a fire, as is continually nourilhed and 
jupply d by the materials convey’d into the ftomach, and fomented by the 
bellows of the lungs 5 and in fo contriving the moft admirable fabrick of 
Animals, as to make the very fpending and wafting of that fire, to be 
ini trumental to r ^ e procuring and collecting more materials to augment 
and cherifh it felf, which indeed feems to be the principal end of all the 
contrivances obfervable in bruit Animals. 



Obferv, LIII. Of a Flea. 

'T'He ftrength and beauty of this ftnall creature, had it no other rela- 
tion at all to man, would deferve a defcri prion. 

For its ftrength, the Mkrojcope is able to make no greater difcoveries 
of it then the naked eye ? but onely the curious contrivance of its leg gs 
and joints.* for the exerting that ftrength 5 is very plainly mamfefted 5 fuch 
as no other creature, I have yet obferv’d, has any thing like it; for the 
joints of it are fo adapted,that he can, as ’twerc,fold them ftiort one with* 
in another, and fuddenly ftretch,or fpring them out to their whole length, 
that is, of the fore-leggs, the part A, of the 34. Scheme , lies within B* 
and B within C, parallel to, or fide by fide each other; but the parts 
of the two next, lie quite contrary, that is, D without E, and E with- 
out F, but parallel allb ; but the parts of the hinder leggs, G, H and! 
bend one within another, like the parts of a double jointed Ruler, or 
like the foot, legg and thigh of a man ; thefe fix leggs he ditches up al- 
together, and when he leaps, fprings them all out, and thereby exerts 
his whole ftrength at once. 

But, as for the beauty of it, the Mi croft ope manifefts it to be all over 
adorn’d with a curiouliy polifh’d fuit of fable Armour, neatly jointed, 
and befet with multitudes of fharp pinns, fhap’d almoft like Porcupine’s 
Quills, or bright conical Steel-bodkim ; the head is oneitherfidebeau- 
tfty’d with a quick and round black eye K, behind each of which alio 
appears a ftnall cavity, L, in which he feems to move to and fro a cer- 
tain thin film bdet with many ftnall tranlparent hairs, which probably may 
be his ears ; in the forepart of his head, between the two forc-leggs, he 
has two ftnall long jointed feelers, or rather fmellers, M M, which have 
four joints, and are hairy, like thole of feveral other creatures ; between 
thefe, it has a ftnall probojck 7 or probe 3 NNO, that feems to confift of a 
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tube N N, and a tongue or fucker O, which I have perceiv’d him to flip 
in and out. Befidcs thefe, it has alfo two chaps or biters P P, which are 
ibmewhat like thofe of an Ant , but I could not perceive them tooth’d $ 
thefe were flhap’d very like the blades of a pair of round top’d Scizers 9 
and were opened and ihut juft after the fame manner ; with thefe Inftru- 
naents does this little bufie Creature bite and pierce the fkin. and feck 
out the blood of an Animal , leaving the fkin inflamed with a fmall round 
red Ipot. Thefe parts are very difficult to be difcovered, becaufe for 
the moft part, they lye covered between the fore-legs. 7 here are many 
other particulars, which, being more obvious, and affording no great 
matter of information , I ihall pais by , and refer the Reader to the Fi- 
gure. 



Obferv. LIV, Of a Loufi , 

T His is a Creature fo officious , that 'twill be known to every one at 
one time or other, fo bufie, and fo impudent, that it will be intru- 
3“?. tt lelf in every ones company, andfo proud and afpiring withal! 
that it fears not to trample on the heft, and afFe&s nothing fo much as a 

anv II’ h CC ^ S 3n ^ ^I eS VtT ^ ant * r hat makes it fo faucy, as to pull 

. J 5 e , ars . that com L es ln >ts way, and will never be quiet tflj it 

gSS : ;V StrOUble J at “*** fo “*> ««■«- that 
mifrhipf o - n - 5 knowing that man is plotting and contriving feme 
lfchief againft ir, and that makes it oftentime fculk into fome meaner 

ZilTS ar L d ™**Wnda mans back, though it go very S 
agamff the hail, which ill conditions of it having made it better known 
then tiufted, Would exempt me from making any further defeription of 

tionot it. tor this has difeovered tome, by means of averv hriffhf- 
W#-* Aat it is a Creature of a very odd fliapc ; it has a head 
pdltkethat expreft in 35 . Scheme marked with A, which teems al* 

fo much avoid and run fr!m theliT S' thetcafo ”t why they 

live in ^e^dy^^'^rkw^^ ^th^hair^ for bc T « 

rfAe’srn® mh'nKdVve^y nmch’off nd^h 
from receiving any injury from the haim thrb^ 
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two horns that grow before it, in the place where one would have 
thought the eyes fhould be 5 each of thefe C C hath four joy nts which 
are fringed, as twere, with fnull brilles, from which to the tip of its 
,nout D, the head feems very round and tapering, ending in a verv 
ftiarp nofe D, which feems to have a fmall hole, and robe thepaffage 
through which he lucks the blood. Now whereas if it be plac’d on its 
back, with its belly upwards, as it is in the 3 5. Scheme , it feems in feve- 
ral Pofitions to have a refemblance of chaps, or jaws, as is reprefented 
in the Figure by E E, yet in other poftures thofe dark ftrokes difappear , 
and having kept feveral of them in a box for two or three dayes, fo that 
for all that time they had nothing to feed on . I found , upon letting one 
creep on my hand , that it immediately fell to fucking, and did neither 
feem to thruft its nofe very deep into the fkin, nor to open any kind of 
month, but I could plainly perceive a fmall current of blood, which 
came direftly from its fnout, and part into its belly 5 and about A there 
feem’d a contrivance, fomewhat refembling a Pump, pair of Bellows, or 
Heart, for by a vepflwift Jjifiok and diafiok the blood feem’d drawn 
from the nofe, and forced into the body. It did not feem at although 
I viewed it a good while as it was fucking, to thruft more of its nofe; in- 
to the (kin then the very fnout D, nor did it caufe the lead difcemable 
pain, and yet the blood feem’d to run through its head very quick and 
freely, fo that it feems there is no part of the fkin but the blood is di- 
ffers ’d into, nay, even into the cuticula, $ for had it thrufi its whole nofe 
in from D to C C, it would not have amounted to the fuppofed thick- 
nefs of that tegument length of the nofe being not more then a three 
hundredth par t.of an inch. It has fix legs, covered with a very tranfpa- 
rentfhcll, and joynted exadcly, like a Crab’s, or Lobffer’s, eachlegis 
divided into fix parts by thefe joynts , and thofe have here and there 
feveral fmall hairs 5 and at the end of each Ieg.it has two claws, very 
properly adapted for its peculiar ufe, being thereby inabled to walk 
very fecu rely both on the fkin and hair $ and indeed this contrivance of 
the feet is very curious, and could not be made more cnmmodioufly and 
compendioufly, for performing both thefe requifite motions, of walking 
and climbing up the hair of a mans head, then it is : for, by having the 
lefler claw (a) fet fo much fhorr of the bigger (b) when it walks on 
the fkin the (hotter touches not, and then the feet are the. fame with 
thofe of a Mite, and feveral other fmall Infers, hut by means of the 
fmall joynts of the longer claw it can bend it round, and fo with both 
claws take hold of a hair, in the manner reprefented in the Figure, the 
long tranfparent Cylinder F F F, being a Man’s hair held by it; ,• ’ 

The Thorax feem’d cas’d with another kind of fubflance then the bel- 
ly, namely, with a thin : tranfparent horny fubflance, which upon the 
falling of the Creature did not grow flaccid j through thisl could plain- 
ly fee the blood, fuck’d from my hand, to be variouily diftributed, and 
mov’d to and fro, and about G there feem'd a pretty big white fob- 
ftance, which feem’d to be moved within its thorax^ befides, there ap- 
pear’d very many (mail milk-white veflels, which croft over the bread 
r between 
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between the legs, out of which, on either fide, were many final! bran- 
chings, thefe feem d to be the veins and arteries, for that which is analogus 
to blood in all Infedts is milk-white. 

The belly is covered with a tranfparent fubflance Iikewife, but more 
refembling a fkin then a fhell , for ’tis grain’d all over the belly juft like 
the skin in the palms of a man’s hand, and when the belly is empty, grows 
very flaccid and wrinkled a at the upper end of this is placed the fto- 
mach H H,and perhaps a Ho the white fpot 1 1 may be the liver.or pancreas. 
whidtby the penjialtick. motion of the guts, is a little mov’d to and fro, 
not with a Jyft ole and diaJiole 3 but rather with a thronging or juftling 
motion. Viewing one of thefe Creatures, after it had fafted two dayes, 
all the hinder part was lank and flaccid , and the white fpot 1 1 hardly 
mov’d, moftof the white branchings difappear’d , and moft alfo of the 
rednefs or fucked. blood in the guts, the perifaltich^ motion of which 
was fcaice difcemable j but upon the fuffeiing it to fuck, it prefently 
fill’d the fkin of the belly, and of the fix fcolop’d embofinents on either 
fide, as full as it could be ftuft y the flomach and guts were as full as 
they could hold 5 1 the penjhihnh motion of the gut grew quick,and the 
juftling motion of 1 1 accordingly j multitudes of milk-white veflels 
feem’d quickly filled,, and turgid, which were perhaps the veins and ar- 
teries, and the Creature was fo greedy, that though it could not contain 
more, yet it continued fucking as fail as ever, and as faft emptying it felf 
behind: the digeftion of this Creature muft needs be very, quick, for 
though I perceiv'd the blood thicker and blacker when flick d yet 
when in the guts, it Was of a very lovely ruby colour, and that part of 
it, which was digefted into the veins, feenied white ; whence! it appear® 
that a further digeftion of blood may make, it milk, at leafl of a refem- 
bling colour : What is elfe qbfervabfe in the figure of this Creature mav 
be feen by the 3 5, Scheme. 3 ^ 



Obferv, LV. ■ Of Mites, 

*T*He leafl of Reptiles! have hitherto met with, is a Mite, a Creature 
1 whereof there are fome fo very; fmall , that the fharpeft fight, un- 
affiflcd withGlafles, is not able to difeern them, though, being white of 
rhemfelves, they move on a black and fmooth furface: and the Eccs 
out Of which thefe Creatures feem to be hatch’d, are yet fmaller, thofe 
being dually not above a four or five hundredth part of a well grown 
Mite,_ and thofe well grown Mites not much above.qne hundredth 
In thieknefs^ fo that according to this reckoning there may be 
no lefs then a million of well grown Mites contain'd in a cubick inch, and 
five hundred times as many Eggs. 

Notwiehftawiine which minutenefs a good juicrofoe difcovers thofe 
mall movable fpecks to be very prettily foap d Infers, each of them fur- 
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nilh’d with eight well fliap'd and oronni-MnnVJ i • , 

them joynted or bendable in eight Lver.il nh 8 5 W V ch 3re eac h of 
which is covered, for the moft mrt 5 , °r W“* «<* of 
■he lower cod of the <hcU otS $ 

rr,LUd C ^To Va f :0f th , C the very fimc with of 

Crabs and Lobfterslegs, and like thofcalfo, they arc each of the ™ Lf 

ftar p claw or point ; fourof.hcfe legs arefophr 
ced that they feem to Jraw forwards, the other four are placed ?„ a 

CSr 0 ”' ,heKby “ ** thC »ackw P ards when 

The , as in ,ai F r oonlifts of three regions or 

parts | the hinder or belly A, Teems covered with one intire (hell the 
middk or chelf, Teems divided into two (hells BC. which running one 
within the other, the Mite is able to (brink in and thruft out as it finds 
occafion, as it can alfo the Tnout D. The whole body is pretty tranfpa- 
rent. To that being look don againft the light, divers motions within its 
body may be perceived ; as alTo all the parts are much more plainly de- 
Jineable, then in other pofture s, to the light. The (hell, eTpecially that 
which covets the back, is curioufly poliiht, fo that ’tis eafie to fee^ as in a 
€6fwtx\ Looking-glals, or foliated Glafs-ball, the picture of all the ob- 
jects round about j up and down, in (everal parts of its body, it has fe- 
deral finall long white hairs growing out of its (hell , which arc often 
longer then the whole body, and are reprefented too Ihort in the fir ft 
and fecond Figures 5 they leem all pretty ftraight and plyable, (ave only 
two upon the fore-part of its body, which feem to be the horns, as may 
be (een in the Figures ; the firft whereof is a profpeft of a fmaller (ort of 
Mites ( which are ufually more plump ) as it was pajjknt to and fro $ the 
fecond is the profpeft of one fixt on its tail ( by means of a little month- 
glew rub'd on the objeft plate) exhibiting the manner of the growing of 
the legs, together with their (everal joynts. 

This Creature is very much diverfity'd in Thape, colour, and divers 
other properties, according to the nature of thefubftance out of which 
it teems to be ingendred and nourirtied, being in one fubftance more long, 
in another more round, in (bine more hairy, in others more itnooth, in 
this nimble, in that flow, here pale and whiter, there browner, blacker, 
more traniparent, &c. I have obferved it to be refident almofton all 
kinds of fubftances that are mouldy, or putrifying, and have (een it very 
nimbly melhing through the thickets of mould, and fometimes to lye 
dormant underneath them 5 and ’tis not unlikely, but that it may feed on 
that vegetating fubftance , jpontaneons Vegetables teeming a food proper 
enough for fpontaneous Animals ^ 

But whether indeed this Creature, or any other, be (uch or not, Ican- 
not pofirively, from any Experiment, or Obfervation, I have yet made, 
determine. But, as I formerly hinted, it feems probable, that feme kind 
of wandring Mite may fow,as 'twere, the firft leeds, or lay the firft eggs, 
in thote places, which Nature has inftru&ed them to know convenient 
for the hatching and nourithing their young ; and though perhaps the 

prime 



it 









M 



iCR.OGR.APHl A, 



prime Parent might be of a fflape very differing from what the off- 
fpring, after a little while, by reafon of the jubilance they feed on, or 
the Region (as'twere) they inhabite 5 yet perhaps even oneofthefe 
alter’d progeny, wandering again from its native foil, and lighting on by 
chance the lame place from whence its prime Parent came, and there fet- 
tling, and planting, may produce a generation of Mites of the fame 
fhapes and properties with the firft wandring Mite : And from fome fucli 
accidents asthefe, I am very apt to think, the moil forts of Animals, ge- 
nerally accounted fpcntancous , have their origination . and all thole va- 
rious forts of Mites, that are to be met with up and down in divers pu- 
trifying fubftances, may perhaps be all of the fame kind, and have Inning 
from one and the fame fort of Mites at the foil. 



Oblerv. L VI, Of a fmdll Creature hatch'd on a Vine . 

T Here isj almofl all the Spring and Summer time, a certain fmalL 
round, white Cobweb, as ’twere, about the bignefs of a Pea,which 
Uicks very clofe and fill to the frocks of Vines nayl’d againft a warm 
wall.- being attentively viewed,they feem cover'd, upon the upper fide 
of them, with a fmall husk, not unlike the fcale, or fhell of a Wood- 
loufe or Hog-loufe, a fmall Infeft ufually found about rotten wood 
which upon touching prefentiy rouls it felf into the form of a pepper- 
coin: Scparatmg feveral of thefe from the fto'ck , r found them with 
my Mtcrofcopc, to conhftof a fliell, which now feemed more likely to be 
thehufoofoneofthefclnieds. And the fur fcem’d a kind of col web 
confiflmg of abundance of fmall filaments, or fleaves of cobwebs fe 

/ 1 the >' w / 5 rc not batch d, and runaway before, the time 

of which hatching was ufually about the latter end of Jum, or begin! 
a I bave often found abundance of fmall brown 
as A and B in the fecond Figure of the 36. Scheme , much about the bm- 

n!d e ^| te rf gg k ’ and , at timeS) muJtimdes of fmall Infcfts fin- 

lofr S t e bt 3t r th /- th K d fig-en^ked with X. Its head age, 
almofl half the bignefs of its body , which is ufual in the fetus of mofr 

LbS h t a Vr r ^l bl ^ k eyes a and *wo W long joynted 
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prime Parent might be of a fliape very differing from what the off 
fpring, after a little while;, by reafon of the fubfrance they feed on, or 
the Region (as’twere) they inha bite * yet perhaps even oneofthefe 
alter’d progeny, wandering again from its native foil, and lighting on by 
chance the lame place from whence its prime Parent came, and there fet- 
tling, and planting, may produce a generation of Mites of the fame 
fhapes and properties with the fifft wandring Mire : And from fome fueli 
accidents asthefe, I am very apt to think, the moft forts of Animals, ge- 
nerally accounted fpontamous , have their origination , and all thofe va- 
rious forts of Mites,' that are to be met with up and down in divers nu- 
trifying fubftances, may perhaps be all of the fame kind, and have fprnng 
from one and the fame fort of Mites at the firft. 



Obferv. L V I. Of a f mall Creature batch'd on a Vine . 

T Here is, almofr all the Spring and Summer time, a certain fmalL 
round, white Cobweb, as twere, about the bignefsof a Pea,which 
tticks very clofe and faft to the frocks of Vines nayl’d againft a warm 
wall; being attentively viewed, they feem cover'd, upon the upper frde 
of them, with a final! husk, not unlike the fcale, or fiicll of a YVood- 
loufe or Hog- We, a ftnall Infefr ufually found about rotten wood 
which upon touching prefently rouls it felf into the form of a pepper- 
corn: Separating feveral of thefe from the ftotk , I found them with 
my terofeope , to conhfr of a (hell, which now feemed more likely to be 
the hulk of one of thefe Inlefts , And the fur feem'd a kind of cobweb 
confifting of abundmice of fmali filaments, or fleaves of cobwebs In 
the midft of this, if they were not hatched run away before, the time 
of which hatching was ufually about the latter end of June, or begfrw 

1 0i Pp J - 3 I , ha 7 e found abundance of fmali brown Eggs inch 
asAandB m the &and Figure of the 36. Schema much abouffhe S 
nels of Mi tes Eggs $ and at other tim es, multitudes of fmali Infers fha- 
pc<J exa£Hy like that in the third Figure marked with Y \ ? 

atooft half the bignefi of fa 

part of an fad? and the f ,, them , feemd not the hundredth 

ame, me Uiio 3 or lhell,that grows on theifl,one may v-ith great pr!> 
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babiiity ghefs) it'affords us an Infhmce, whereof perhaps there are not 
many like in Nature,and that is,of the prodigious increafeof thefe Crea- 
tures, after they are hatch d and run about ;for a common Wood-loufe of 
about half an inch long, is no lefs then a hundred and twenty five thou- 
fend times bigger then one of thefe, which though indeed itfeems very 
i range, yet I have obferved the young ones of fome Spiders have almoft 
kept the fame proportion to their Dam. 

This, methinks, if it be fo, does in the next place hint a Quary, which 
may perhaps deferve a little further examination : And that is, Whether 
there be not many of thole minute Creatures, luch as Mites, and the like, 
which, though they are commonly thought of otherwife, are only the 
iMk or young ones, of much bigger Infers, and not the generating, 
or parent In left, that has layd thofe Eggs ; for having many times ob- 
ferv’d thofe Eggs, which ufu ally are found in great abundance where 
Mites are found , it feems fomething ffrange, that fo fmall an Animal 
fhould have an Egg fo big in proportion to its body. Though on the 
other fide, I mull confefs, that having kept divers of thofe Mites inclofed 
in a box for a good while, I did not find them very muchaugmcnted be- 
yond their ufual bignefs. 

What the husk and cobweb of this little white fubftance Ihould be, f 
cannot imagine, unlels it be, that the old one, when impregnated with 
Eggs, Ihould there ftay, and fix it felf on the Vine, and dye, and all the 
body by degrees Ihould rot, faveonly the husk, and the Eggs in the bo- 
dy : And the heat, or fire, as it were, of the approaching Sun-beams 
fhould vivifie thofe Relifts of the corrupted Parent , and out of the 
aChes, as Were, ( as it is fabled of the Vhvnix ) fhould raifc a new off 
Ipring for the perpetuation of the jpecies. Nor will the cobweb, as it 
were, in which thefe Eggs are inclos’d, make much againft this Con je- 
fture ; for we may, by thofe cobwebs that are carried up and down the 
Air after a Fog (which with my Microfcope T have difeovered to be made 
up of an infinite company of fmall filaments or threads) learn, that 
iuch a texture of body may be otherwife made then by the lpinning of 
a Worm. 



Obferv. L V II. Of the Eds in Vinegar. 

O F thefe fmall Eels, which are to be found in divers forts of Vine- 
gar, I have little to add befides their Pifture, which you may 
find drawn in the third Figure of the 35 . Scheme'. That is, they were 
fhaped much like an Eel, feve only that their nofe A, ( which was a lit- 
tle more opacous then the reft of their body ) was a little (harper, and 
longer, in proportion to their body, and the wrigling motion of their 
body feenfid to be onely upwards and downwards, whereas that of 
Eels is onely fide wayes ; 1 hey feem’d to have a more opacous part 
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about B, which might, perhaps, be their Gills; it Teeming always the fame 
proportionate diftant from their nofe, from which, to the tip of their 
tai!,C, their body feem’d to taper. 

Taking feveral of thefe out of their Pond of Vinegar, by the net of a 
finall piece of filtring Paper, and laying them on a black fmooth Glais 
plate, I found that they could wriggle and winde their body, as much 
almoft as a Snake, which made me doubt, whether they were a kind of 
Eal or Leech. 

( lhall add no other obfervations made on this minute Animal, being 
prevented herein by many excellent ones already publilh’d by the inge- 
nious, Doftor Power, among his Mur ofc epical Obfervations, feve onely 
that a quantity of Vinegar repleat with them being included in a fmall 
Viol, and ftop’d very clofe from the ambient air, all the included Worms 
in a very fhort time died, as if they had been ftifled. 

And that their motion feems (contrary to what we may obferve in the 
motion of all other Infects) exceeding Uow. But the reafon of it feems 
plain, for being to move to and fro after that manner which they do, by 
waving onely, or wrigling their body ; the tenacity, or glutinoufnels, 
and the denfity or refiftance of the fluid medium becomes fo exceeding 
fenfible to their extremely minute bodies,that it is to me indeed a greater 
wonder that they move them lb faft as they do, then that they move them 
nofafter. For what a vaftly greater propott ion have they of their fuper- 
ficies to their bulk, then Eds or other larger Fifties, and next, the tena- 
city and denfity of the liquor being much the fame to be moved, both by 
the one and the other, the refiftance or impediment thence arifing to 
the motions made through it, muft be almoft infinitely greater to the 
lmall one then to the great. 1 his we find experimentally verify ’d in the 
Air, which though a medium a thoufend times more raiifyd then the wa- 
ter, the refiftance of it to motions made through it, is yetjb fenfible to ve- 
ry minute bodies, that a Down-feather(the leaft of whole parts feetn yet 
bigger then thefe Eels, and many of them almoft incomparably bigeer. 
fuch as the quill and ftalk) is (impended by it, and carried to and fro as if 
it had no weight. 



Obferv. LV III, Of a new Property in the Air, and feveral other 
tranfparent Mediums nam d Inflexion, whereby very many con - 

ftderabk Phenomena are attempted to he folvd ; and diven other 
ufis are hinted. 
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fides) ragged and indented like a Saw : which inequality of their limbs 1 
have further obferv'd,^ not to remain always the fame, but to be conti- 
nually chang d by a kind of fluctuating motion, not unlike that of the 
waves of the Sea 3 fo as that part of the limb, which was but even now 
nick d or indented in, is now protuberant, and will prefently be finking 
again ; neither is this all. but the whole body of the Luminaries, do in the 
Telefcope^ feem to be deprefs’d and flatted, the upper, and more elpecially 
the under fide appearing neerer to the middle then really they are, and the 
tight and left appearing more remote: whence the whole Area feems to be 
terminated by a kind of Oval.Tt is further obferv’d .that the body, for the 
molt part, appears red, or of fome colour approaching neer unto it, as 
fome kind of yellow 3 and this 1 have always mark'd, that the more the 
limb is flatted or ovalled,the more red doesthe body appear, though not 
always the contrary. It is further obfervable, that both fix'd Stars and 
Planets, the neerer they appear to the Horizon, the more red and dull 
they look, and the more they are obferv'd to twinkle 3 in fo much, that 
I have feen the Dog-ftarr to vibrate fo ftrong and bright a radiation of 
light, as almoft to dazle my eyes, and prefently, almoft: to difappear. 
It is alfo obfervable, that thofe blight fc’mtillations neer the Horizon, are 
not by much fo quick and hidden in their confecutions of one another, as 
the nimbler twinklings of Stars neerer the Zenith. This is alfo notable, 
that the Starrs neer the Horizon, are twinkled with feveral colours ; fo as 
fometimes to appear red,{bmetimes more yellow, and fometimes blue, and 
this when the Starr is a pretty way elevated above the Horizon. I have 
further, very often feen fome of the foall Starrs of the fifth or fixth ma- 
gnitude, at certain times to difappear for a fmall moment of time, and 
again appear more confpicuous, and with a greater lufter. I havefeveral 
times, with my naked eye, feen many fmaller Starrs, foch as may be call’d 
of the feventh or eighth magnitude to appear for a fhort fpace, and then 
vaniftr, which, by direffing a fmall Telfcope towards that part they ap- 
pear’d and dilappeard in 3 1 could prefently find to be indeed fmall Starrs 
jofituate.asl had feen them with my naked eye, and to appear twinkling 
like the ordinary vifible Stars 3 nay, in examining fome very notable parts 
of the Heaven, with a three foot Tube , me thought I now and then, ;in 
feveral parts of the conftellation, could perceive little twinklings of 
Starrs, making a very fhort kind of apparition,and prefently vanifhiag, 
but noting diligently the places where they thus feem’d topfay<atboe- 
peep, I made ufc of a very good twelve foot Tube, and with it was 

not uneafie to fee thole, and feveral other degrees ofimallei; Starts, and 
fomefraaller yet, that feem’d again to appear arid difappeafyawd’thefe 
alfo by giving the fame ObjeCt-glafs a much bigger aperture, T'^puld 
plainly and conftantly fee appear in their former places 3 fo that 1 have 
obferv'd fome twelve feveral magnitudes of Starrs left then thofeofthe 
fix magnitudes commonly recounted in the Globes. 

It has been obferv’d and confirm’d by the accurate!!: Qbfervatt- 
ons of the beft of our modern Aftronomers, that all the Luminous bodies 
appear above the Horizon, when they really are below it. So that the 
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Sun and Moon have both been feen above the Horizon, wbil’ft the Moon 
has been in an Eclipfe. I ilia II not here infta nee in the great refractions, 
that the tops of high mountains, feen at a diftance, have been found to 
have 3 all which feem to argue the Horizontal refraftion, much greater 
then it is hitherto generally believ’d. 

I have further taken notice, that not ouely the Sun, Moon and Starrs, 
and high tops of mountains have fuffer’d rhefe kinds of refraction, but 
Trees, and feveral bright Objects on the ground ; I have often taken no- 
tice oft he twinkling of the refle&ions of the Sun from a Glafs- window 
at a good diftance, and ofa Candle in the night, but that is not focon- 
lpicuous,and in obferving the ferting Sun, I have often taken notice of the 
tremulation of the Trees and Bullies, as well as of the edges of the Sun. 
Divers of thefe Vhsnomena have been taken notice of by feveral, who 
have given feveral reafons of them, but I have not yet met with any alto- 
gether fatisfiictory, though fome of their conjectures have been partly 
true,but parly alio falfe. betting my felf therfore upon the inquiry of thefe 
Phenomena ^ I firft endeavour’d to be very diligent in taking notice of 
the feveral particulars and circuit! fiances obfervable in them 5 and next, 
in making divers particular Experiments, that might deer fome doubts, 
and ferve to determine, confirm, and illuftrate the true and adequate 
caufe of each 3 and upon the whole, I find much reafon to think, that 
the true caufe of all thefe Phenomena is from the infieQion^ or 'multi- 
pheate refia&ion of thofe Rays of light within the body of the Atmo(pbcre> 
ijnd that it does not proceed from a vep'a&ion cans d by any terminating 
Superficies of the Air above, nor from any foch exactly defin’d fttperficks 
within the body of the Atmofphere . 

Conclufion is grounded upon thefe two Propofitions : 

Firtfethata medium ^ whole parts are unequally denfe, and mov’d by 
various motions and tranfpofitions as to one another, will produce all 
foefcvifibleefie&supon the Rays of light, without any other coefficient 

Secondly, that there is in the Air or Atmofphere , foch a variety in the 
cotuhtuent parts of it, both as to their denfity and rarity, , and as to their 
diycis mutatjcns and pofitions one to another* 

*w^ De ^i? nd Rarit y> funderftand a property ofa tranfparent body, 

does either more or Ids refradt a Ray of light (coming obliquely 

Tm1?pi f ipeificie !j 0U ^ ofa thnd Medium) toward its perpendicular : As 

thrift r° rt r dc n bo l y < hcn Water - and Water a more rare body 
then Glafs, becaufe of the refractions (more or lefs dcfkfetice towards the 

tharare niade in *them,of a Ray of light out of the Air 
that has the fame inclination upon either of their foperficies. 

. tl ? e btfonefs of Refraction, fpirit of Wine is a more cienfe body 

bcC ° f Tr d by 30 accurate Inftrument that meafores 
ijf-on't °f R f fra ^' 0ns to Minutes that for the fame reflated angle of 
bnt ??» ln , th ofe Mediums, the angle of incidence in Ware! was 
WfoJ w 3 5 ‘o bl1t *; he an S le of tJie incidence in the trial with fpirit of 
was 42 -■ 45 . But as to gravity, Water is a more denfe body then 
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fpim of Wine for the- proportion of the fame Water, to the dme verv 
well rectify d fpirit of Wine was, as 21. to i<p. __ ^ 

So as to RefradiohjWater is more Denfe then Ice ^ for I have found 
by a moft certain Experiment, which I exhibited before divers iiluftrions 
Perrons of the Royal Society, that ’■he Refra&ion of Water was greater 
then thatot Ice, though fome considerable Authors have affirm'd thecon- 
trary, and though the Ice be a very hard, and the Water a very fluid 
body. J 



That the former of the two preceding Propofitions is true, may be ma- 
nifefted by feveral Experiments:As firft.ifyou take any two liquors differ- 
ing from one another in denfity,but yet fitch asjwill readily mixras SaltWa- 
t er, or Brine, 8 cFrefh;a 3 moft any kind of Salt diffoly'd in Water, and filtra- 
ted, fo that it be cleer/pirit of Wine and Water } nay, fpiritof Wine, and 
fpirit of Wine, one more highly re&ify’d then the other, and very many 
other liquors 5 if(I fay) you take any two of thefe liquors, and mixing 
them in a Glafs Viol, again It one fide of which you have fix'd or glued a 
finall round piece of Paper, andfiiaking them well together (fo that the 
parts of them may be fomewhat difturb’d and move "up and down)you 
endeavour to fee that round piece of Paper through the body of the li- 
quors 5 youfhall plainly perceive the Figure to wave, and to be indented 
much after the fame manner as the limb of the Sun through a Tekfiope 
feemsto be, five onely that the mutations here, are much quicker. And if) 
in fteed of this bigger Circle, you take a very finall fpot, and fatten and 
view it as the former, you will find it to appear much like the twinkling 
of the Starrs, though much quicker : which two Phenomena (for I ffialt 
take notice of no more at prefent, though I could inftance in multitudes 
of others) mutt necettarily be caus d by an inflexion of the Rays within 
the terminating fuperficies of the compounded medium, fince the furfaces 
of the tranfparent body through which the Rays pafs to the eye, are not 
at all altered or chang’d. 

This inflexion (ifl may fo call it) I imagine to be nothing elfc, but a 
multipltcatc refraction, caufed by the unequal elenjity of the confiituent 
parts of the medium , whereby the motion, action or prog refs of the Ray 
of light is hindred from proceeding in a freight line, and inflected or de- 
flected by a curve. Now, that it is a curve line is manifett by this Expe- 
riment : I took a Box,fuch as A D G E, in the fit ft Figure of the 3 j. Scheme, 
whole fides ABCD, and EFGH, were made of two fmooth flat 
plates of Glafs, then filling it half full with a very ftrong folution of 
Sait, I filled the other half with very fair frefil wafer, then expofing 
the opacous fide, D H G C, to the Sun, I obferv’d both the reflation and 
inflection of the Sun beams,! D & K.H, and marking as exactly as I could, 
the points, P, N. O, M, by which the Ray, K. H, patted through the com* 
pounded medium , 1 found them to be in a curve line ; for the parts of the 
medium being continually more denfe the neerer they were to the bot- 
tom, the Ray p f was continually more and more deflected downwards 
from the ftreight line. 

Thi3 Inflexion may be mechanically explained, either byMonficur 
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Des Cartes principjesjby conceiving the Globulsof the third Element to 
find lels and Ids refinance againft that fide of them which is downward^ 
or by a way, which I have further explicated in the Inquifition about Co* 
lours, to be from an obliquatfon of the pulie of light, whence the ruder 
part is continually promoted, and conlequendy refrafted towards the 
perpendicular, which cuts the Orbs at right angles. What the particu- 
lar Figure of the Curve live, deferib’d by this way of light, is, I fball not 
now hand to examine, efpccially fince there may be lb many forts of it as 
there may be varieties of the Pofitions of the inter medi at degrees of den- 
sity and rarity between the bottom and the top of the infledting Mediurru 
I could produce many more Examples and Experiments, to illufrrate 
and prove this firft Propofition, viz,, that there is fitch a conftitution of 
fome bodies as wi 11 caule inflexion. As not to mention thofe I have ob- 
lerv’d in Horn, ' lorto/fe-jbcll , travjparcnt Gums, and ref nous Subjlances £ 
The veins of Glais, nay, of melted Cryjla /, found, and much complained 
of by Glals-grinders, and others, might fufficiently demonftrate the 
truth of it to any diligent Obfervator, 

But that, I prefume, I have by this Example given proof fufficient 
( viz. ocular demonf ration ) to evince, that there is fuch a modulation, 
or bending of the rayes of light , as I have call’d infieBum, differing 
both from reflexion, and refraction ( fince they are both made in the fu- 
perficies, this only in the middle ) 5 and likewife, that this is able or fuf- 
ficient to produce the efiedts I have alcribedto it. 

It remains therefore tolhew , that there is fuch a property in the Air, 
and that it is fufficientto produce all the above mentioned Vhdnomena 9 
and therefore may be the principal, if not the only caufe of them. 

Firft, That there is fuch a property, may be proved from this, that the 
parts of the Air are fome of them more condens’d, others more ratified, 
either by the differing heat, or differing prefiure itfuflains, or by the 
fomewhat heterogeneous vapours interfpers’d through it. For as the Air 
is more or lefs rat ified, fo does it more or lefs refrad a ray of light ( that 
comes out of a denier medium) from the perpendicular. This you may 
find true, if you make tryal of this Experiment. 

Take a final! Glafs-bubble , made in the form of that in the fecond 
Figure of the 37. Scheme , and by heating the Glals very hot, and there- 
by very much rarifyingthe included Air, or, which is better, by rarify- 
ing a fmall quantity of water, included in it, into vapours, which will 
expel the moft part, if not all the Air , and then fealing up the fmall 
neck of it, and letting it cool, you may find, if you place it in a conve- 
nient Inftrument, that there will be a manifeft difference, as to the refra- 
ction. 

As if in this fecond Figure you fuppofe A to reprefent a fmall fight or 
hole, through which the eye looks upon an objedt, as C, through the 
Glafs-bubble B, and the fecond fight L ; all which remain exactly fixt 
in their feveral places, the object C being fo cized and placed, that it 
may juft feem to touch the upper and under edge of the hole L ; and 
fo all of it be leen through the fmall Glafs-ball of ratified Air 5 then by 
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breaking off thefmallftal-dncckoftheBubbfc ( without at all Hi • 

te tg its, object or glafs^ and admitting the external Air* 
find your felf unable to fee the utmoft ends If theobS bn ’,/? "" 1 
Hating rayes A E andAD ( which were befcr* e&dto G ZTi 
by the ratified Air ) will proceed almoft directly to I and H • Jlyh d f 

K"h there is "“Other 5 alteration liS.hl 

Otgan by which the Experiment is tryed, fave only the admiffinn 1 " 
clufion of the condens'd Air ) mud neceflarilybe caufed by fcri-IP' 
of the «^»» contain'd in the GlafiB; the gteateft difficulty inte rn? 
king of whtch Experiment, is from the uneven futfaces of dte bubbfe 
which will reprefentan uneven image of the object. - 

_ Now that there is fuch a difference of the upper and under parts of th P 
Airis clear enough evinc’d from the late improvement of the 7 orricellim 
Experiment, which has been tryed at the tops and feetof Mountains - 
and may be further illuftrated s and inquired into, by a means , whS 
feme whiles fince I thought of, and us d, for the finding by what de^ 
the Air pafles from fuch a degree of Dcnfity to fuch a degree of R? r £ 
And another for the finding what prefliire wasrequifite to make it paft 
fiom fuch a degree of Rarefaction to a determinate Dcnfity • Which 

^rihrbrikyTefai'bc! 7 may be urefol t0 illutote the ptcfat '"W- 



I took then a fmall Glafs-pipe A B, about the bignefs of a Swans quill 
and about four foot long, which was very equally drawn, fothat, a s f a ? 
asl could perceive, no one part was bigger then another: This Tube 
(being open at both ends) I fitted into another fmall Tube DE that 
had a fmall bore juft big enough to contain the fmall Pipe, and this was 
lea! d up at one, and open at the other, end $ about which open end I 
faftned a fmall wooden box C with cement, fo that filling the bWer 
Tube, and part of the box, with Quickfilver, I could thruft the fmaller 
T ube into it, till it were all covered with the Quickfilver .■ Having thus 
done, I faftned my biggerTube againft the fide of a wall , that it might 
ftand the fteadier , and plunging the fmall Tube deer under the Mercu- 
ry m the box, I ftopt the upper end of it very fail with cement, then 
lifting up the fmall Tube, I drew it up by a fmall pully, and a firing that 
I had faftned to the top of the Room, and found the height of the Mer- 
curial Cylinder to be about twenty nine inches. 

Then letting down the Tube again, I opened the top, and then thruft 
down the fmall Tube, till Iperceived the Quickfilver to rife within it to 
a mark that I had plac’d juft an inch from the top;and immediately clap- 
ping on a fmall peice of cement that Ihad kept warm, I with a hot Iron 
feal’d up the top very faft, then letting it cool (that both the cement 
might grow hard , and more efpecially, that the Air might come to its 
temper, natural for the Day I try’d the Experiment in) lobferv’d dili- 
gently, and found the included Air to be exa&ly an Inch. 

Here you are to take notice, that after the Air is feal’d up, the top of 
the Tube is not to be elevated above the fuperficies of the Quickfilver 

in 
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in the box, till the furface of that within the Tube be equal to it, for 
the Quickfilver ( asl have elfewhere prov'd ) being more heterogene- 
ous to the Glafs then the Air, will not naturally rife upfp high within 
the fmall Pipe, as the fuperficies of the Mercury in thebox.; and therefore- 
you are to,obferve, how much below the outward fnperhcies of the 
Mercury in the box, that of the fame in the Tube does ftand, when the 
top being open, free ingr efs is admitted to the outward Air. 

Having thus done, I permitted the Cylinder , or fmall Pipe;, to rife out 
of the box, till I found the furface of the Quickfilver ip the Pipe to be 
two inches above that in the bo ; x, aod found the Air to have expanded, 
it Jelf but one fixteenth part of an inch 5 then drawing up the fmall 
pipe , till I found the height of the Quickfilver within to befour inches 
above that without, lobferved the Air to be expanded only} of an inch 
more then it was at firft , and to take up the room of 17 inch: then^I 
railed the Tube till the Cylinder was fix inches high, and found the Air 
to takeiip 1^ inches of room in the Pipe ; then to 8, 16,-12. cfac; 
the expanfion of the Air that I found to each of which Cylinders are 
fet down in the following Table ; where the firft row figmfies the 
height of the Mercurial Cylinder ; the next, the expanfion of the Air j 
the third, the prefliire of the Atwojphere or the higheft Cylinder of 
Mercury , which was then neer thirty inches : The Jaft fignifies the force 
of the Air fb expanded , which is found by tub drafting the firft: row of 
numbers out of the third ; for having found, that the outward Air would, 
then keep up the Quickfilver to thirty inches , look whatever of that 
height is wanting muft be attributed to the Elater of the Air depreflmg. 
And therefore having the Expanfion in the ieCond row, and the height of 
the fubjacent Cylinder of Mercury in the firft, and the greateft height of 
the Cylinder of Mercury , which of it felf counter ballances the whole 
prefliire of the Atmojphere ; by fubftrafting the numbers of theTrft row 
out of- the numbers of the third, you will; have the meafure ot the Cylin- 
ders fodepreft, and confequcntly the foree of the Air,in the foyeral Ex- 
pa nftons, regiftred. 
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The height of the 
Cylinder of Mer- 
my,that,together 
withtheEIaterof 
the included Air, 
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Atmofphere,, 
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fion of the 
Air. 
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I had feveral other Tables of my Obfervations , and Calculations* 
which I then made} but it being above a twelve month iincel made 
them } and by that means having forgot many circumftances and par- 
ticulars , I wasrefolved to make them over once again, which I did 
the focond 1661. with the very lame Tube which I ufed the year 
before, when I firft made the Experiment ( for it being a very good 
one, I had carefully preferv’d it : ) And after having tryed it over and 
over again } and being not well fatisfied of feme particulars, I, at laff, 
having put all things in very good order, and being as attentive, and 
obfervant, as poffibly 1 could, of every circumftance requifite to beta- 
ken notice of, did regift or my feveral Obfervations in this following 
Table. In the making of which, I did not exactly follow the method 
that I had ufed at firft:} but, having lately heard of Mr. Tt mnlys Hypo- 
thecs ^ I lliap’d my courlein fuch fort, as vvonld be moft convenient for 
the examination of that Hypothecs } the event of which you have in the 
latter part of the la it Table. 

The other Experiment was, to find what degrees of force were requi- 
fite to comprels, or condenfe, the Air into fiich or fuch a bulk. 

The manner of proceeding therein was this : I took a Tube about 
five foot long, one of whofe ends was lea led up, and bended in the form 
of a Syphon , much like that rep relented in the fourth Figure of the 
37. Scheme , one fide whereof A D, that was open at A, was about fifty 
inches long, the other fide B C, fbut at B, was not much above fcven in- 
ches long} then placing it ex ufrly perpendicular , I pour’d in a little 
Quickfilver, and found that the Air B C was inches, or very near to 
feven } then pouring’ in Quickfilver at the longer Tube, I continued 
filling of it till the Air in the fbortcr part of it was contracted into half 
the former dimenfions, and found the height exactly nine and twenty in- 
ches} and by making feveral other ttyals, in feveral other degrees of 
condenfation of the Air, I found them exactly an fiver the former Hypo- 
thecs. 

But having (by reafbn it was a good while fince 1 fir ft madej forgot- 
ten many particulars. and being much unfa tisfied in others, I made the Ex- 
periment over again, and, from the feveral tryals,cqlle&ed the former 
part of the following Table : Where in the row next the left hand 24. 
fignifies the dimenfions of the Air, ftiftainiugonl’y the prdlure of the At- 
mofphere , which at that time was equal to a Cylinder o f Mercury of nine 
and twenty inches ; The next Figure above it ( 20) was the dime n li- 
ons of the Air in during the firft comprcffion, made by a Cylinder of Mer* 
airy 5 A high, to which theprefture of the Atmofphere nine add twenty 
inches being added , the elaftick ftrength of the Air fb compreft will be 
found 34k, &'-c. 
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A Table of the Elajtick i power of the Atr y 

both Experimentally and Hypothetically calculated ' 9 
according to its various Dimcnfions, 
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From which Experiments, T think, we may fafely conclud*, thatthd 
Elater of the Air is reciprocal to its extenfion, or at lea ft very neer. So 
that to apply it to our prefeht pm pofe ( which was indeed the chief 
caufe of inventing thefe waycs of tryal ) we will fuppofe a Cylinder in- 
definitely extended upwards, [I fay a Cylinder , not a piece of a Cone, 
becaufe, as I may elfewhere fhew in the Explication of Gravity, that tri- 
plicate proportion of thefbels of aSphere, to their refpeftive diameters, 
f fuppofetobe removed in this cafe by the decreafeof the power of Gra- 
vity ] and the preflure of the Air at the bottom of this Cylinder to be 
ftrong enough to keep up a Cylinder of Afertf/ry of thirty inches : Now 
becaufe by the moft accurate tryals of the molt illuftrious and incompa- 
rable Mr. Beyle, publifhed in his delervedly famous Pneumatick Book, 
the weight of Quickfilver, to that of the Air here below, is found neer 
about as fourteen thoufand to one: If we fuppofe the parts of the Cy- 
linder of the Atmojpbere to be every where of an equal denfity, we fhall 
( as he there deduces ) find it extended to the height of thirty five 
thoufand feet, or feven miles : But becaufe by thefe Experiments we have 
fomewhat confirm’d the hypothecs of the reciprocal proportion of the 
Elaters to the Extenfions we fhall find, that by fuppofing this Cylinder of 
the Atmojpbere divided into a thoufand parts, each of which being equn 
valent to thirty five feet, or feven geometrical paces, that is,each of thefe 
divisions containing as much Air as is fuppos d in a Cylinder neer the 
earth of equal diameter, and thirty five foot high, we fhall find the Iower- 
molt toprefs again ft the furface of the Earth with the whole weight of 
the above mentioned thoufand parts 5 the preflure of the bottom of the 

fecond againft thetopofthe firft to be 100c >1—999. of the third 

agamftthc.- fccond to be 1000 — 2 .^998. of the fourth againft the third 
to be t coo -- s - 997. of the uppermoft againft the 999. or that next be- 
fow it, to be 1C00--999 — 1. k> that the extenfion of the lowermoft 
next the Earth, will be to the extenfion of the next beiowthe upper- 

m °a- f ° r as the pre/iure fuftained by the 999. is to the 

preflure fuftain d by the firft , fb is the extenfion of the firft to the ex- 

yr[' t e P fo that, from this hypothetical calculation, we fhall 

Ili t r A r f u b( A ! ndefl . n,t ^y extended : For if we fuppofe the whole 
thicknefsof theAir to be divided, as I juft now inftanced, intoa thZ 
fand parts, and each of thofe under differing Dimenfions, or Altitudes 

StlTr ff 7 ° fAir ’ we fhall find, that the firft Cylinder, 
whofeBafeis fnppofed to lean on the Earth, will be found to be ex ten! 

fimnnr*J f /°i 0t ’ the / CCond e 9ual Divifion, or Cylinder, whofe bafts j s 

S3* 01 *e firft rh a ]Ih r e & top 4 , ended higher 

dualquantitv of a 1 h 5 ’” ’ * e J? urt fi 35»« j and foonward, each e- 
* antI£ > Air having its dimcnfions mcafured by an d fome 

Aitional number expreft alwayes in the manner of a fration whofe 
Whofe? 01 1S - a Wa) - th , e niraber of the P^ce multiplfd by 35 an d 

Stn eD f-T a T l! of ' ^Atmefpbere 

ifif by thlS m “* Wc ma y ea % calculate the height of 99I. 

thofe i©oo. divifions, I fupposd 5 whereas the uppermoft 

H h 2 may 
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may extern! It felf more then as high a gain, nay, perhaps indefinitely., or 
beyond the Moon ; for the Elaters and Expansions being in reciprocal 
proportions, fince we cannot yet find the pin ultra, beyond which the Air 
will not expand it felf, we cannot determine the height of the Air : for 
Since, as we have fhewn, the proportion will be alway as the preifure 
foftain'd by any partis to 35. fo 1000. to the expanfionof that part; 
the multiplication or product therefore of the preifure, and ex pan lion, 
that is, of the twoextream proportionals, being alwayes equal to the 
product of the means, or 35000. it follows, fince that Rectangle or 
Product may be made up of the multiplication of infinite diverfities of 
numbers, that the height of the Air is alio indefinite ; for fince (as far as 
I have yet been able to try) the Air feems capable of an indefinite Ex- 
panfion, the preifure may be decreafcd in infinitum, and ccnfequently its 
expanfion upwards indefinite alfo. 

There being therefore fuch a difference of denfity, and no Experi- 
ment yet known to prove a Salt us, orikipping from one degree of rari- 
ty to another much differing from it, that is, that an upper part of the 
Air Ihould fo much differ from that immediately fob] d cent to it, as to 
make adiftinftfuperficies, fuch as we obferve between the Air and Wa- 
ter, &c. But it being more likely, that there is a continual increaleof 
rarity in the parts of the Air, the further they are removed from the 
furface of the Earth : It will hence neceflarily follow, that ( as in the 
Experiment of the fait and frefh Water) the ray of Light palling ob- 
liquely through the Air alfo, which is of very different denfity, will be 
continually, and infinitely infleCted, or bended, from a ftreight, or diredt 

motion. . 

This granted, the reafon of all the above recited Thtenomena, con- 
cerning the appearauce of the Celeftial Bodies, will very eafily be de- 
duced. As, 

Firft, The rednefsof the Sun, Moon, and Stars, will be found to be 
caufed ’by the inflexion of the rays within the Atmofohere, That it is 
not really in or near the luminous bodies, will, I fuppofe, be very eafily 
granted, feeing that this rednefs is obfervable in feveral places differing 
in Longitude, to be at the fame time different, the fetdng and. rifing Sun 

of all parts being for the moll: part red, , . ,, 

And fccondly. That it is not meerly the colour of the Air raterpos d, 
will I fuppofe, without much more difficulty be yielded, feeing that we 
may obferve a very great interftitium of Air betwixt the Object and the 
Eye, makes it appear of a dead blew, far enough differing from a red, 

^Bmthlrdly, That it proceeds from the refaction, or infle£tion > of the 
rays by the Atmofohere, this following Experiment will, I fuppofe, fuffici- 

en TakeTfphWicalCryftalline Viol, fuch as is deferib’d in the fifth ^ 

cure A BCD, and, having fill’d it with pure clear Water, expofe t to 

the Sun beams; then taking a piece of very fine Venice Pa P e ^^$|£ 
againft that fideof the Globe that is oppofite to the Sun, asagamft h 
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fide BC, and you fliall perceive a bright red Ring to appear, caus’d by 
the refraction of the Rays, A A A A, which is made by the Globe; in- 
which Experiment, if the Glafs and Water be very deer, fo that there be 
no Sands nor bubbles in the Glafs, nor dirt in the Water, you fbn.ll no £ 
perceive any appearance of any other colour. To apply which Experi- 
ment, we may imagine the Atmqfphers to be a great tranlparent Globe,, 
which being of a fubftance more denfe then the other, or (which comes, 
to the fame) that has its parts more denfe towards the middle, the Sun 
beams that are tangents, or next within the tangents of this Globe,will 
be refrafted or intkCted from their direCt paffage towards the center of 
the Globe, whence, according to the laws of refractions made ina trian- 
gular Frifm, and the generation of colour fet down in the defcriptipn of. 
Mufcovi-glafs, there muff neceflatily appear a red colour in the t.ranfitus 
or paffage of thofc tangent Rays. To make this more plain, we will fop- 
pole (in the fixth Figure') A B C D, to reprefent the Globe, of the At- 
mofohere , E F G H to reprefont the opacous Globe of the Earth, lying 
iti the midft of it, neer to which, the parts of the Air fuftainmg a yeryf 
great preffurc, are thereby very much condens’d, from whence thofe 
Rays that are by infieCHon made tangents to the Globe of the Earth, and 
thofe without them, that pals through the more condens’d part of the At- 
mofohere, as foppole between A and E, are by reafon of the inequality 
of the medium, infleCted towards the center, whereby there muff necef- 
farily be generated a red colour, as is more plainly fhewn in the former 
cited place ; hence whatfoever opacous bodies (as vapours,or the likej 
fhall chance to be elevated into thofe parts, will refieCt a red towards the 
eye ; andjtherefore thofe evenings and mornings appear reddeft,that have 
the moft ftore of vapours and haliruous fubffances exhaled to a conve- 
nient d iff a nee from the Earth; for thereby the inflection is made the 
greater,and thereby the colour alfo the more intenfejand feveral of thofo 
exhalations being opacous, refleCt fe vend of thofe Rays, which, through 
an [Homogeneous tranlparent medium would pals unfeen ; and therefore we 
fee, that when there chances to be any clouds fituated in thofc Regions 
they refieCt a ftrong and vivid red. Now, though one great cauife of 
the rednefs may be this inflexion, yet I cannot wholly exclude the colour 
of the vapours themfelves, which may havefomething of rednefs in them, 
they being partly nitrous, and partly fuliginous; both which flea ms tinge 
the Rays that pals through them, as is made evident by looking at bodies 
through the fumes of Aquafortis, or fpirit of Nitre fas the newly menti- 
oned Iiluftrious Perfon has demonftrated] and alfo through the fmoak of 
a Fire or Chimney. 

Having therefore made it probable at Ieaft, that the morning an 4 
evening rednefs may partly proceed from this inflexion or refraction of 
the Rays, we fhall next Ihew, how the Oval Figure will be likewife eafily 
deduced. 

Suppofc we therefore, EF G H in the fixth Figure of the 37. Scheme, 
to teprefcnt the Earth ; A B C D, the Atmofoere ; E I, and E L, two Rays 
coming from the Sun, the one from the upper, the other from the. heather 

Limbi 
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Limb, thefe Rays, being by the Atmofphere infleCted appear tn A- 

Rav’l 3 ^^ hati ^ 0n !f fr ? m the points, N and O; and beeaufe 2 ' 
.a ^ t l S a greater inclination upon the inequality of the Atn/nlht, C 

inclination , will be deviled Jbcve £“«£ whtet w!|? 

_ ,°T> that ; he lo ™ e , r fide appearing neerer the upper then reallv it k 
dthe two lateral fides, viz. the right and left fide, fullering no fenfibk 
alteration from the inffeaion, at feaft what it does 

T re pf e the Diameter then diminilh it, as lihall Ihew by and by 

%$SF ° f the luminous bod y muft "Warily appear fomewhS 

This will be more plain, if in the feventh Figure of th 27. Schemp «« 
fuppofe A B toreprefent the fenfible Horizon jCDEF, the body of the 
un really below it ; G H I K, the fame appearing above it, elevated 
by the inflexion of the Atmofphere : For if, according to the beft obfer- 

fnnr° n ^ W K* make - the vifi H e Diameter of the Suntobe about three or 
four and thirty minutes,and the Horizontal refraftion according to Tkho 
be thereabout, or fomewhat more, the lower limb of the Sun E will be ele- 
yated to 1 5 but beeaufe, by his account, the point C will be elevated but 

+u‘ T- nUt L S5 r S fi a Y J ”g f° g r , eat an inclination upon the inequality of 
the Air, therefore I G. which will be the apparent refraCted perpendicu- 
lar Diameter of theSun,will be iefs then C G, which is buta 9 . minutes and 
conlequetitly fix or feven minutes (hotter then the unrefiafted apparent 
Diameter. The parts, D and F,will be like wife elevated to H and K 
whofe refraCtion, by reafon of its inclination, will be bigger then that of 
the point C, though left then that of E^the refer e will the femidiameter f L 
be lhorter then L G, and confequently the .under fide of the appearing 
Sun more flat then the upper. rr & 

No w, beeaufe the Rays from the right and left fides of the Sun & c . 
have been obfervd by Ricciolo and Crimaldus s to appear mere diftant 
one from another then really they are,though(by very manyObfervations 
that I have made for that purpofe,with a very good JdefcopeftttA with a 
divided Ruler) I could never perceive any great alteration, yet there be- 
ing really iome,it will not be amifs,to fhew that this alfc proceeds from the 
refraftion or inflexion of the Atmofphere ; and this will be manifeft,ifwe 
confider the Atmofphere as a tranfparent Globe, or at leaft a transparent 
fhell, encompaffing an opacous Globe, which, being more denfe then the 
medium encompaffing it, refraCts or infleCts all the entring parallel Rays 
into a point or focus, fo that wherelbever the Obfervator is plac’d within 
the Atmejphere, between the focus and the luminous body, the lateral 
Rays muft neceflarily be more converg’d towards his eye by the refracti- 
on or inflection, then they would have been without it 5 and therefore 
the Horizontal Diameter of the luminous body muft neceflarily be aug- 
mented. 

This might be more plainly manifeft to the eye by the fixth Figure ; 
but beeaufe it would be ibmwhat tedious, and the thing being obvious 
t. enough 
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enough to be imagin’d by any one that attentively confiders it, I fhall ra- 
ther omit it, and proceed to ihew, that the mafs of Air neer the furface of 
theEarth,confifts,or is made up, of pa reels, which do very much differ from 
one another in point of denfity and rarity j and confequently the Rays of 
light that pals through them will be varioufly infleCted, here one way.and 
there another, according as they pafs fo or fo through thofe differing parts; 
and thofe parts being always in motion, either upwards or downwards, or 
to the right or left, or in feme way compounded of thefe, they do by this 
their motion infleCt the Rays, now this way, and prefently that way. 

This irregular, unequal and unconftant inflexion of the Rays of light, 
is the reafon why the limb of the Sun^ Moon 3 Jupiter , Saturn , Mars, and 
Vemu ^ appear to wave or dance; and why the body of the Starrs appear 
to tremulate or twinkle, their bodies,by this means, being fometimes ma* 
gnify’d,and fometimes diminiihed ; fometimes elevated, otherwhiles de- 
prefs’d ; now throv/n to the right hand, and then to the left. 

And that there is fuch a property or unequal diftribution of parts, is 
manifeft from the various degrees of heat and cold that are found in the 
Air ; from whence will follow a differing denfity and rarity, both as to 
quantity and refraClion; and iikewife from the vapours that are inter- 
pos d, (which, by the way, I imagine,as to refraCirion or inflection, to do 
the fame thing, as if they were rarify’d Air ; and that thofe vapours that 
afeend, are both lighter, and lefs denfe, then the ambient Air which boys 
them up ; and that thofe which defcend, are heavier and more denfe) 
I hefirft of thefe may be found true, if you take a good thick piece of 
Glais,and heating it pretty hot in the fire, lay it upon fuch another piece 
of Glaft, or hang it in the open Air by a piece of Wire, then looking 
tipon feme far diftant ObjeCi: ( fuch as a Steeple or Tree) fo as the Rays 
from that ObjeCt pals directly over the Glafs before they enter your eye, 
you lhall find iiich a tremulation and wavering of the remote ObjeCt, as 
will very much offend your eye: The like tremulous motion you may 
obferve to be caus’d by the afeending fteams of Water, and the like. 
Now, from the firft of thefe it is manifeft, that from the rarifadion of the 
parts of the Air, by heat, there is caus’d a differing refraCtion, and from the 
afeenfion of the more rarify’d parts of the Air, which are thruft up by the 
colder, and therefoie more condensd and heavie, is caus’d an undula- 
tion or wavering of the ObjeCt; for I think, that there are very few 
will grant , that Glaft , by as gentle a heat as may be endur d by ones 
hand, fhould fend forth any of its parts in fteams or vapours, which does 
not feem to bemuch wafted by that violent fire of the green Glaft-houfe; 
but, if yet it be doubted, let Experiment be further made with that bo- 
dy that is accounted, by Chymifts and others^ the moft ponderous and 
fix d in the world ; for by heating of a piece of Gold, and proceeding in 
the lame manner^ you may find the fame effe&s* 

This trembling and fhaking of Che Rays, is more fenfibly caus’d bv an 
actual flame, or quick fire, or anything elfe heated glowing hot ; as by 
a Candle, live Coal, red-hot Iron, or a piece of Silver, and the like : the 
lame alfo appears very confpicuous, if you look at an ObjeCt betwixt 

which 
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whlrh k *5^ e ^ e ’ r ^ n S Gmoak of feme Chimney is interpos’d • 
Which brings into my mind what I had once the opportunity to obi™, 7 

Which was, the Sun riling to my eye juft over a Chimney that font fo rt h 

i , ° pIol i s °J [ m(aa k 5 an d taking a fliort Telefcope^ which Ihad then 
y me, I obferv d the body of the Sun, though it was but juft peep d 

inward H . on ™ n j» t ? have its underfide, not oneiy flatted, andprd^d 
inwaid, as it ufoally is when neer the Earth ; but to appear more pm. 
At erant downwards then if it had fiiftered no refradtion at all • an J 
beiides all this, the whole body of the Sun appear’d to tremble or dance 
an the edges or limb to be very ragged or indented, undulating or wa* 
v ing, much in tha manner of a flag in the Wind. 

his I have like wife often obferv’d in a hot Sunfhiny Summer’s dav 
V at ruf* ™ an Objedt over a hot ftone,or dry hot earth,! have found 

*r C , J , to undulated or fhakfen, much after the fame manner. And 

it you look upon any remote Objedt through a Telefcope (in a hot Sum- 
mers day efpecially j you ftiall find it likewife to appear tremulous. And 
turther, if there chance -to blow any wind, or that the air between ypu 
an 7 i Objedt be in a motion or current, whereby the parts of it, both 

lardy d and condens’d, are fwiftly remov’d towards the right or left if 
then you obferve the Horizontal ridge of a Hill far diftant,through a very 
good lelejcope^ you fhall find it to wave much like the Sea, and thofe 
waves will appear to pafs the fame way with the wind. 

. From which, and many other Experiments, 'tiscleer that the lower Re- 
gion of the Air,efpeciaUy that part of it which lieth neereftto the Earth, 
has, for the moft part, its conftituent parcels varioufly agitated, either by 
' !fr°r W * nC ^ by the firft of which, lome of them are made more rare, 
and fo foffer a Ids refradtion ; others are interwoven, either with .ifcend- 
ing or defeending vapours ; the former of which being more light, and 
fo more ra rify d,have likewife a left refradt ion ; the latter being more hea- 
vie, and confequently more denfe,have a greater. 

Now, becaufe that heat and cold are equally diffus’d every way ; and 
that the further it is fpread, the weaker it grows ; hence it will follow, 
that the moft part of the under Region of tfie Air will be made up of fe- 
veral kinds of levies, feme whereof will have the properties of Convex , 
others of Concave glajjes ; which, that I may the more intelligibly make 
out, we will fuppofe in the eighth f igure of the 37. Scheme^ that A re- 
prelents an attending vapour, which, by reafon of its being fomewhat 
Heterogeneous to the ambient Air, is thereby thruft into a kind of Globular 
form, not any where terminated, but gradually fin iihed, that is, it is moft 
rarify’d in the middle about A, fomewhat more condens’d about BB, 
mote then that about C C ; yet further, about D D, a 1 moft of the feme 
denfity with the ambient Air about EE; and laftly, inclofed with the 
more denfe Air F F, fo that from A, to FF, there' is a continual in- 
ert ale of denfity. The reafon of which will be manifeft, if we confider the 
rifing vapour to be much warmer then the ambient heavie Air; for by 
thecoidnefe of the ambient Air, the fhell EE will be more refrigerated 
then D D,and that then CC,which will be yet more then B B, and that 

more 
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more then A ; fbthat from F to A, there is a continual increafe of heat, 
and confequently of rarity ; from whence it will neceflarily fol low, that 
the Rays of light will be infiedted or refradted in it, in the feme man- 
ner as they would be in a Concave-glajh ; for the Rays GKT, G K I will 
be infiedted by G K H, G K if, which will eafily follow from what I be- 
fore explained concerning the inflection of the Atmojphere. 

On the other fide, a defeending vapour, or any part of the air included 
by an afeending vapour, will exhibit the feme eftedts with a Convex lens ; 
for,if we fuppofe, in the former Figure,the quite contrary conftitution to 
that Lift deferib’d ; that is, the ambient Air F F being hotter then any 
part of that matter within any circle, therefore the coldeft partmuft 
neceflarily be A, as being faftheft remov’d from the heat, all the 
intermediate fpaces will be gradually difcriminated by the continuall 
mixture of heat and cold, fo that it will be hotter at E E, then D D, in 
DD then CC, in C C then BB, and in B B then A. From which, a like 
refraction and concicniation will follow ; and confequently a lefleror 
greater refraction, fo that every included part will refradt more then the 
including, by which means the Rays, G K [, G K I, coming from a Starr, 
or feme remote Object, are fo inlie (ted, that they will again concurr and 
meet, in the point M. By the inrerpofition therefore of this defeending 
vapour the vifihle body of the Star, or other Objedt, is very much aug- 
mented,asby the former it was diminifhed. 

From the quick confecutions of thefc two, one after another, between 
the Objedt and your eye, caufed by their motion upwards or dowmvards,- 
proceeding from their levity or gravity, or to the right or left, proceed- 
ing from the wind, a Starr may appear, now bigger, now Iefs,then really 
it would otherwife without them ; and this is that property of a Starr, 
which is commonly call'd twinkling, or fcintillation. 

The reafon why a Star will now appear of one colour, now of another, 
which for the moft part happens when ’tis neer the Horizon, may very 
eafily be deduc’d from its appearing now in the middle of the vapour,* 
other whiles neer the edge; for if you look againft the body of a Starr 
with a Telefcope that has a pretty deep Convex Eye-glafs, and fo order it, 
that tlieStar may appear fometimes in one place, and fometimesin another 
of ityyou may perceive this or that particular colour to be predominant 
in the apparent Figure of the Starr, according as it is more or left remote 
from the middle of the Lens. This I had here further explain’d, but that 
it does more properly belong to another place. 

I fhall therefore oneiy add fome few Quarries, which the confidcration 
of thefe particulars hinted, and fo finifh this Seftion. 

And the firft I fhall propound is, Whether there may not be made art 
artificial tranfparent body of an exadt Globular Figure that fhall fo 
infiedt or refradt all the Rays, tha t,coming from one point, fall upon any 
Hemisphere of it; that every one of them may meet on the oppofite fide* 
and oofs one another exactly in a point; and that it may do the like alfb 
with all the Rays that, coming from a lateral point, fall upon any Other 
Hemjphere ; for iffc, there were to be hoped a perfedtioh of Dioptric^ 

I » and 
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f t0 CVen Whirft wc «"«*• here upon earth 

n ^ e !v r ? ^ e ^ cen< ^ in g or penetrating into the center -inri inn,. * 
moft recefles of the earth, and ail earthly bodies 5 nay, it would open nnl 
one^ a cranney, but a large window (as I may fo fpcak) into the Shoo of 

Nature whereby we might be enabled to lee both the tools and 3 a- 

• h f Very r Pf nncr oi the operation it felf of Nature ; this could 

it be effected would as farr furpafs all other kind of perfpeffives asthe 
vaft extent of Heaven does the lmall point of the Earth, which dift 3 
*l W 0 .V ^ lr ™ ne ^ a tely remove, and unite them, as ’twere.into one, at lead 
that there fhould appear no more diftance between them then the length 
of the Tube into the ends of winch thefe Glades lhould be nferted- 
Now, whether this may not be effected with parcels of Glafs of feveral 
aenfities, I have fometimes proceeded fo farr as to doubt (though in 
truth, as to the gene^ , 1 have wholly defpair’d of it) for I have often 
obferv d in Optical Glaffes a very great variety of the parts, which are 
commonly called Veins ; nay, fome of them round enough (for they are 
tor tlie moft part, drawn out into firings) to conftitute a kind of &*, 

1 his I lhould further proceed to ope , had any one been fo in- 
quihtive as to have found out the way of making any tranfparent body 
ather more denfe or more rare; for then it might be poffible to com P ofc 
a Globule that lhould be more denfe in the middle of it, then in any 
other part, and to compofe the whole bulk, fo as that there lhould be a 
continual gradual tranfition from one degree ofdenfity to another; fuch 
as lhould be found requifitefor the defired inflexion of the tranfmgra* 
tmg Rays; but of this enough at prefent, becaufe I may fay more of it 
when i fet down my own Trials concerning the melioration o£ Dioptric fa 
Where I fhall enumerate with how many feveral fubftances I have made 
both Mkrofcopes , and Telefccpes , and by what and how many, ways : Let 
fuch as have lcilure and opportunity farther confider it. 

The next Quarry fhall be, whether by the fame colle&ion of a more 
denfe body then the other, or at leaft, of the denfer part of the ether, 
there might not be imagin’d a reafon of the apparition of fome new fix’d’ 
Stars, as thofe in the Swan, Cajjiope s Charr , Serpentarim, rifeis , Ce- 
&c. 

Thirdly, Whether it be poffible to define the height of the Atmofpherc 
from this inflexion of the Rays, or from the Quickfilver Experiment of 
the rarifaftion or extenlion of the Air. 

Fourthly, Whether the difparity between the upper and under Air be 
not fometimes fo great, as to make a refle&ing fuperficies ; I have had fe- 
veral Obfervations which feem to have proceeded from fome fuch caufe, 
but it would be too long to relate and examine them. An Experiment, 
alfo fomewhat analogous to this, I have made with Salt-water and Frefli, 
which two liqnors,in moft Pofitions,feem’d the fame, and not to be fepa- 
rated by any determinate fuperficies, which feparating furface yet in fome 
other Politions did plainly appear. 

And if fo. Whether the realbnofthe equal bounding or ttrmhm of 
the under parts of the clouds may not proceed from this caufe ; whether, 

fecondly. 
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fecondly, the Reafon of the apparition of many Suns may not be found 
out, by confidering how the Rays of the Sun may fo be refle&cd, as to 
deferibe a pretty true Image of the body,as we find them from any regu- 
lar Superficies. Whether alfo this may not be found to caufe the appa- 
rition of fome of thofe Fareifa or counterfeit Suns, which appear colou- 
red,by refracting the Rays fo, as to make the body of the Sun appear itl 
quite another place then really it is. But of this more elfewhere, 

5. Whether the Fb&nomena of the Clouds may not be made out by 
this diverfity of denfity in the upper and under parts of the Air, by 
fuppofing the Air above them to be much lighter then they themfclves 
are, and they themfelves to be yet lighter then that which is fob ja cent 
to them, many of them foeming to be the fame fobftance with the Cob- 
webs that fly in the Air after a Fog. 

Now that Inch a conftirution or the Air and Clouds, if foch there be, 
may be fofficient to perform this eft'eft, may be confirm’d by this Expe- 
riment. 

Make as ftrong a Solution of Salt as you are able, then filling a Glals 
of fome depth half full with it, fill the other half with frelh Water, and 
poyfe a little GJals-bubble, foils that it may fink pretty quick in frefli 
Water, which take and put into the aforefaid Glafs, and you fhall find 
it td fink till it comes towards the middle, where it will remain fixt^ 
without moving either upwards or downwards. And by afecond Ex- 
periment, of poifing foch a bubble in water, whdfe upper part is warmer^ 
and confequently lighter, then the under, which is colder and heavier ; 
the manner of which follows in this next Qusery, which is, 

6 . Whether the rarifaftion and condenfation of Water be not made 
after the lame manner, as thofe effects are produc’d in the Air by heat ; 
for I once pois’d a feal’d up Glals-bubblc fo exactly, that never fo lmall 
an addition would make it fink, and as final! a detraction make it fwiifl,- 
which foffering to reft in that Veflel of Water for fome time, lalwayes 
found it about noon to be at the bottom of the Water, and at night; and 
in the morning, at the top : Imagining this to proceed from the Rari« 
faction of the Water, caus’d by the heat , I made tryal, and found moft 
true ; for I was able at any time, either to deprefs, or raife it, by heat 
and cold ; for if I let the Pipe ftand for fome time in cold water, I 
could eafily raife the Bubble from the bottom, whither I had a little a- 
fore detruded it, by putting the fame Pipe into warm Water. And this 
way I have been able, for a very Confiderabletime, to keep a Bubble lb 
poys*d in the Water, as that it lhould remain in the middle, and neither 
fink, nor fwim : For gently heating the upper part of the Pipe with a 
Candle, Coal, or hot Iron, till I perceived the Bubble begin to defcend, 
then forbearing, I have obferved it to defeend to fuch or fudh a ftation, 
and there to remain fofpended for fome hours, till the heat by degrees 
were quite vanilhed , when it would again afcend to its former place. 
This I have alfo often obferved naturally performed by the heat of the 
Air, which being able to rarrfiethe upper parts of the Water fooner 
then the lower, by reafon of its immediate contad, the heat of the Air 
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has fometimes fo flowly incieafed, that t have obferved the Bubble to fo 
fome hours in palling between the top and bottom. be 

# . 7 ‘ .y 1 hether the appearance of the Pike of Tenerife and feveral ntfo- 
high Mountains, at lb much greater a diftance then leems to agree wirk 
1 - { elr '‘^ tCtI ^ e Eights , be pot to be attributed to the Curvature of the 
vjiual Ray, that is made by its palling obliquely through fo differ! 1 
| *e top to the eyeVy far dit,ti,& r ^ 

n * 1 °* 1] J Ke We have already, I hope, made it very probable that 
there is fuel* an inflection of the Rays by the differing denfitv of rh , 
pai ts of the Air } and fince I have found , by feveral Experiments made 
on places comparatively not very high, and have yet found the preliure 
luftani d by thofe parts of the Air at the top and bottom , and allb their 
differing Expanfions very confiderable : Infonmeh that I have found the 
preliure of the Atmofphere lighter at the top of St. /Ws Steeple in Lon 
dan ^ which is about two hundred foot high ) then at the bottom by a 
lixtieth or fiftieth part, and the expanlion at the top greater then that at 
the bottom by neer about fo much alfo ; for the Mercurial Cylinder at the 
bottom was about 39. inches, and at the top half an inch lower ; the Air 
alio included in the W eather-glals,that at the bottom fill'd only i-r<. for- 
ces, at the top fill'd 1 58. though the heat at the top and bottom was 
found exactly the lame with a foal'd Thermometer : I think it very rational 
to fuppofe , that the greateft Curvature of the Rays is made neareft the 
Earthed that the inflection of the Rays^ above 3. or 4, miles upwards Is 
very incorifiderable, and therefore that by this means fuch calculations of 
the height of Mountains, as are made from the diftance they are vifible in 
the Horizon, from the fuppofal that that Ray is a ftraight Line ( that from 
the top of the Mountain is, as'twere, a Tangent to the Horizon whence it 
is feen) which really is a Curve , is very erroneous. Whence, I fuppofe pro- 
ceeds the reafonof the exceedingly differing Opinions and Aflertionsof 
feveral Author^ about the height of feveral very high Hills. 

8. Whether this Inflexion of the Air will not very much alter the fiip- 
pofed difiances of the Planets, which feem to have a very great depen- 
dence upon the Hypothetical refrafiion or inflexion of the Air, and that 
refraction upon the hypothetical height and denfity of the Air ; For 
fince ( as I hope ) I have here fhewn the Air to be quite orherwife then 
has been hitherto fuppos’d, by manifefting it to be, both of a vaft , a£ 
leafi an uncertain, height, and of an unconftant and irregular denfity ■ 
It nmft neceflarily follow, that its inflexion muft be varied accordingly * 
And therefore we may hence learn, upon what fure grounds all the A- 
firenomers hitherto have built, who have calculated the difiance of the 
Planets from their Horizontal Parallax j for fince the Refra&ion and Pa- 
rallax are fo nearly ally’d, that the one cannot be known without the 
other, elpecially by any wayes that ha ve been yet attempted, how uncer- 
tain muft the Parallax be. when the Refraction is unknown? And how eafie 
is it for Aftronomers to afiign what diftance they pleafe to the Planets, and 
defend them, when they have fuch a curious Jhbterfuge as that of Refrafii- 
on, wherein a very little variation will allow them liberty enough to place 
the Celeftial Bodies at what diftance they pleafe. If 
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if therefore we would come to any certainty in this point, we muft go 
other wayes to work 5 and as I have here examined the height and relra- 
<hive property of the Air by other wayes then are ufual , fo muft we 
find the Parallax of the Planets by wayes not yet prafiifed ; and to this 
end, 1 cannot imagine any better way, then the Obfervatiqns of them by 
two per Ions at very far diftant parts of the Earth, that lye as neer as may 
be under the fame Meridian, or Degree of longitude , but differing as 
much in latitude, as there can be places conveniently found : Thefe two 
perfons, at certain appointed times, fliould ( as near as could be ) both 
at the fame time, obferve the way of the Moon 0 Mars , Venus , Jupiter ^ 
and Saturn, amongft the fixt Stars, with a good large Tclefcope , and ma- 
king little Iconifmes, .or pictures, of the finall fixed Stars, that, appear to 
each of them to lye in or near the way of the Center of the Planet, and 
the exafe meaiure of the apparent Diameter ; from the comparing of 
fuch Obfervations together, we might certainly know the true diftance, 
or Parallax, of the Planet. And having any one true Parallax of thefe 
Planets, we might very eafilyhave the other by their apparent Diame- 
ters, which the TekjeopeXiktvntis affords us very accurately. And thence 
their motions might be much better known, and their Theories more ex- 
actly regulated. And for thispurpofe I know not any one place more 
convenient for fuch an Obfervation to be made in, then in the Ifland of 
St. Helena , upon the Coaft of Africk which lyes about fix teen degrees 
to the Southwards of the Line, and is very near, according to the lateft 
Geographical Maps, in the lame Meridian with London 5 for though 
they may not perhaps lye exa&ly in the fame, yet their Obfervations, 
being ordered according to what I (hall anon fhew, it will not be diffi- 
cult to find the true diftance of the Planet. But were they both under 
the fame Meridian, it would be much better. 

And becaufe Obfervations may be much eaifier, and more accurately 
made with good Telejcopes , then with any other Inftruments, it will not, 
I fuppofe, leem impertinent to explain a little what ' wayes I judge moft 
fit and convenient for that particular. Such therefore as ffiall be the 
Obfervators for this purpofe, ffiould be furnifhed with the beft Telejcopes 
that can be had, the longer the better and more exa& will their Obler- 
vations be, though they are fomewhat the more difficultly manag’d. 
Thefe ffiould be fitted with a Rete , or divided Scale, plac'd at fuch a di- 
, fiance within the Eye-glals,that they may be diftin&ly feen, which ffiould 
be themeafuresof minutes and feconds 5 by this Inftrument each Ob- 
fervator ffiould, at certain prefixt times, obferve the Moon, or other 
Planet, in, or very near, the Meridian ; and becaufe it may be very diffi- 
cult tofind two convenient ftations that will happen to be juft under the 
fame Meridian, they ffiall, each of them, obferve the way of the Planet 
both for an hour before, and an hour after, it arrive at the. Meridian 5 
and hyaline, orftroke, amongft the fmall fixed Stars, they ffiall denote 
out the way that each of them obferv’d the Center of the Planet to be 
mov’d in for thofe two hours : Thefe Obfervations each of th<4. ffiall 

repeat for many dayes together, that both it may happen, that both of 
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them may fcmetimes make their Obfervations together, and tint fm 
divers Experiments we may be the better allured of what ccataimv , n H 
exadnefs fuch kind of Obfervations are like to prove. And becaufe rm- 
ny o t ie Stars which may happen to come within the complfs of f uc K 

TJ C ° m tr d r ■ P = m3y . e fuch as are ° n] y v]lhk throu 8 h a good Tek- 
f pe, whofePolmons perhaps have not been noted, nor their longitude? 

or latitudes, any where remarked^ therefore each Obfervator IhouldS 

eavour to mfert lome fixt Star,whofe longitude, and latitude, is known • 
or with his Telefcope he (hall find the Pofirion of fome notable telefcopical 
Star, inferted in his Map, to fome known fixt Star, whofe place in the Zo- 
diack is well defin’d. 

Having by this means found the true diftance of the Moon, and ha- 
ving obierved well the apparent Diameter of it at that time with a good 
Telefcope, it is caffe enough, by onefingle Obligation of the apparent 
iJiametcr of the Moon with a goodGlaft, to determine her diftances 
in any other part of her Orbit, or Dragon, and confequently, fome few 
Obfervations will tell us, whether fhebe mov’d in an El/ipfi,' (which, by 
the way, may alfo be found, even now, though I think wc are yet igno- 
rant of her true diftance) and next ( which without Rich Obfervati- 
^ think, we (hall not be fore of ) we may know exaftly the bignefs of 
that E liipjis, or Circle, and her true velocity in each part, and thereby be 
much the better inabled to find out the true caufe of all her Motions. 
And though, even now alfo, we may, by fuch Obfervations in one ftati- 
on, as here at London, obferve the apparent Diameter and motion of the 
Moon in her Dragon , and confequently be inabled to make a better 
ghefe at the Species or kind of Curve, in which fhe is mov’d, that is, 
whether it be fphaerical, or elliptical, or neither, and with what propor- 
tional velocities fhe is carried in that Curve 5 yet till her true Parallax 
be known, we cannot determine either. 

Next, for the true diftance of the Sun, the beft way will be, by accu- 
rate Obfervarions, made in both thefe foreraentioned ftations, of fome 
convenient Eclipfe of the Sun , many of which may fo happen , as to be 
feen by both , for the Penumbra of the Moon may, if fhe be fixty Semi- 
diameters diftant from the Earth, and the Sun above (even thoufand, ex- 
tend to about feventy degrees on the Earth, and confequently be feen 
bji Obfervators as far diftant as London , and St. Helena, which are not 
full fixty nine degrees diftant. And this would much more accurately, 
then any \yay that has been yetufed, determine the Parallax, and di- 
ftance, of the Sun ; for as for the Horizontal Parallax I have . already 
(hewn it fofficiently uncertain 5 nor is the way of finding it by the Eclipfe 
of the Moon any other then hypothetical 5 and that by the difference of 
the true and apparent quadrature of the Moon is left not uncertain, wit- 
neft their Dedu&ions from it,who have made tile of it 5 for Vendeline puts 
that difference to be but 4', 30". whence he deduces a vaft diftance of 
the Sun, as I have before (hewn. Ricciolo makes it full 30'. 00. butito- 
noldus , and Kircher, no left then three degrees. And ho wonder, for if 
Vve examine the Theory , we (half find it fo complicated with uncertain- 

ties." M, 
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F irft, r rom the irregular furface of the Moon, and from feveral Paral- 
laxes, that uni eft the Dichotomy happen in the Nonageftmw of the Eclip- 
tici, znd that in the Meridian, &c. all which happen foveryfeldom 
that it is almoft impofhble to make them otherwife then uncertainly 5 
Befides, we are not yet certain, but that there may be fomewhat about 
the Moon andogus to the Air about the Earth, which may caufe a refra- 
ftionof the light of the Sun, and confequently make a great difference 
m the apparent dichotomy of the Moon. Their way indeed is very 
rational and ingenious ^ and fuch as is much to be preferr’d before the 
way by the Horizontal Parallax, could all the uncertainties be remov’d 
and were the true diftance of the Moon known. 

But becaufe we find by the Experiments of Vendiline , Reiwldus , , Sec. 
oiat Obfervations of this kind are very uncertain alfo: It were to be 
wifht, that fuch kind of Obfervations, made at two very diftant ftati- 
°ns, were promoted. And it is fo much the more defirable, becaufe, from 
what^Ihave now (hewn of the nature of the Air, it is evident, that the 
refraction may be very much greater then all the Aftronomers hitherto 
have imagined it : And confequently, that the diftance of the Moon, and 
other Planets, may be much lefte then what they have hitherto made 

dnw 0 nf^F is i nfle£ J ion5 r u ha J ehere P ro P ou "ded, will allow the fha- 
dow of the Earth to be much fhorter then it can be made by the other 

^h < Dfe~^n1efiT^ a ^ IOn ’ and "nfequently, the Moon will notfuffer an 

then the Aftronomers 

nith fteh 7 ;. ? T 11 n “ in th: 5 Geany other lhadow of the 

tatth, luch as Kepler fuppofo, and calls the which is the (ha- 

dow of the rcfn,a.ng ; for the bending of ie Rays beinnah 

together cam d by tojkto", as f have already Slewn , alf that lart 
winch .s afer, bed by Kepler, and others after hint, to the 
darkparr, which is without the vmbn tm« does clear vanifh • fc.r 

"Th^' not f^ h S fnrface of the Air, a‘nd «nfe^u!ntiy 
the re can beno ftiadows, fuch as appear in the ninth Figure of the 3/ 
Scheme, where let ABC D reprefent the Earth, and EFGH thAl' 
mofphere , wh ich according to Keplers foppofition is like a SoLVJ rJ W 1 
terminated with an ex aft furface EFGH let the lines M F 1 r 

framed, both at their ingrefs and egref out of 5 316 rC ~ 

wards the Axis of the flrSadow Cn * 5 " n 5 arer t0 " 

a great part of that former dark Con- confequently, inlighten. 

to N. And becaufe of this Reflection of rl^feR^ C0 . ntraar v ItS t0p 

fuperinduc’d another (hell of a dark Cone F P 1S 

further diftant from the Earth : 

b 
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is Eclipfed , for it alwayes paffes between the lines 1 2 and 
34. 5 ■ 

To which I fay. That if the Air befuch, as I have newly ffiewn it m 
be, and consequently caufe fuchan inflection of the Rays that fall j nm 
Jt thofe dark Ten umbras F YZCL HXVT, and ORES, will all V a- 
nifh. For if we luppofe the Air indefinitely extended, and to be no 
where bounded with a determinate refracting (ur face, as I have (hewn 
it uncapableof having, from the nature of it 5 it will follow, that the 
Moon will no where be totally obfcured, but when it is below the Apex 
N, of the dark blunt Cone of the Earth's (ha do vv;Now, from the fuppoli- 
tion, that the Sun is dilfant about feven thoufand Diameters, the point 
N, according to calculation, being not above twenty five terreftrial Se- 
midiameters from the Center of the Earth : It follows, that whenfoever 
the Moon eclipfed is totally darkned, without affording any kind of 
light, it muft be within twenty five Semidiametersof the Earth, and con- 
fequcntly much lower then any Aftronomers have hitherto put it. 

This will feem much more coniona. • to the reft of the lecundnry Pla- 
nets 5 for thehighefi: of Jupiter s Moons is between twenty and thirty 
Jovial Semi diameters diftantfrom the Center of Jupiter $ and the Moons 
of Saturn much about the lame number of Satumiai Semidiameters from 
the Center of that Planet. 

But thefe are but conjectures allbond mufc be determin’d by flich kind 
of Obfervations as I have newly mention’d. 

Nor will it be difficult, by this Hypothecs, tofalve all the appearances 
of Eclipfes of the Moon, for in this Hypothecs a l(o, there will be,on each 
fide of the fiiadow of the Earth, a Penumbra, not caus’d by the Refracti- 
on of the Air, as in the Hypothecs of Kepler ; but by the faint inlight- 
ning of it by the Sun : For if, in the fixth Figure, we flip pole E S CL, and 
GSR, to be the Rays that terminate the fhaelowfrom either fide of the 
Earth 5 E S Q_ coming from the upper limb of the Sun, and G S R from 
the under , it will follow, that the fbadow of the Earth, within thofe 
Rays, that is, the Cone G S E, will be totally dark. But the Sun being 
not a point, but a large area of light, there will be a fecondary dark 
Cone of fiiadow EPG, which will be caus’d by the earth’s hindring 
part of the Rays of the Sun from falling on the parts GPR, and E P Q, 
of which halved fiiadow, or Penumbra, that part will appear brighteft 
which lyes nearefithe terminating Rayes G P, and E P, and thofe dar- 
ker that lye neareft to G S, and E S : when therefore the Moon ap- 
pears quite dark in the middle of the Eclipfe,fhe muft be below S,that is, 
between S and F ; when fhe appears lighter near the middle of the 
Eclipfe, fhemuft pafs forne where between R Q_and S ; and when file 
is alike light through the whole Eclypfe, file muft pafs between RQ.. 
and P. 
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Obferv. L I X. Of multitudes of [mall Stars difeover able bj the 
Telefcope. 

H Avingjin thelaft Obfervation, premis’d feme particulars obfervable 
in the mediumyhtough which we muft look upon Ccelejlial Objcdts, 
I fhall here add one Obfervation of the Bodies themfelves 5 and, for a 
Jpecimen I have made choice of the Pleiades , or feven Stars, commonly fb 
called ( though in our time and Climate there appear no more then fix 
to the naked eye ) and this I did the rather, becaufe the defervedly. fa- 
mous Galileo , having publiffit a Picture of this Ajlerifme , was able s it 
feems, with hisGlals to difeover no more then thirty fix, whereas with a 
pretty good twelve foot Telefcope ,by which 1 drew this 38 Iconifm, 1 could 
very plainly difeover feventy eight, placed in the order they are ranged 
in the Figure , and of as many differing Magnitudes as the After isks, 
wherewith they are Marked, do fpecifie j there being no lets then four- 
teen feveral Magnitudes of thofe Stars,, which are compris'd within the 
draught, the biggeft whereof is not accounted greater then one of the 
third Magnitude j and indeed that account ismuefi tjoo big, if it be com- 
pared with other Stars of the third Magnitude, elpecially by the help of 
a Telefcope 5 for then by it may be perceiv’d, that its fplendor, to the na- 
ked eye, maybe fbmewhat augmented by the three little Stars IramedL 
ately above it, which are near adjoyningto it. The Telefcope alfo difeou 
vers a great variety, even in the bignefs of thofe, commonly reckon’d, of 
the firft, lecond, third, fourth, fifth, and fixth Magnitude 5 fb.that fliould 
they be diftinguifh’d thereby, thofe fix Magnitudes would, at leaft, af- 
ford no left then thrice that number of Magnitudes, plainly* enough di- 
ftinguifhable by their Magnitude, and brightnels , fo that a good twelve 
foot Glaft would afford us no left then twenty five feveral Magnitudes* 
Nor are thefe all, but a longer Glafs does yet further, both more nicely 
diftinguifh the Magnitudes of thofe already noted, and alfo difeover fe- 
veral other of finaller Magnitudes, not difoernable by the twelve foot 
Glafs: Thus have I been able, with a good thirty fix foot Glafs, to difeo- 
ver many more Stars in the Pleiades then are here delineated, and thofe 
of three or fourdiftimft Magnitudes lefs then any of thofe fpotsof the 
fourteenth Magnitude. Anaby the twinkling of divers other piacesof 
this Ajlerifme, when the Sky was very clear, I am apt to think, that with 
longer Glafles, or fucli as wbuldbeara bigger aperture, theretnight be 
difeovered multitudes of other jSnall Stars, yet inconfpicuous*' And in- 
deed, for the difeovery of fmall Stars, the bigget the apirture be, the 
better adapted is the Glafs 5 for though perhaps it does make: the feveral 
fpecks more radiant, and glaring, yet by that means, uniting more Rays 
very near to one point, it does make -many of thofe radiatif pointscohfpi- 
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cuous, which, by putting on a lels aperture, may be found to vaniffi, 

wi Cr ? r 5 ^ K ?' l irco ™T of Star. ud for Lie,! 5 
Satellites of Jupiter, before it be out of the day or twilight 5 h 

leave the Obje^glafs as clear without any aperture as I can ’ and hivp 

fblet y ,T en ab J C f ° f COVer the ' ^ng while befo-e":^ 

, . dt.cern them, when the foialler apertures were put on , and at n- 

cr times, to feemultitudes of other fmalier Stars, which a Imaller aper- 
ture makes to dtfappear. F 

In that notabk Ajlerifm alfo of the Sword of Orion, where the ingeni- 
ous Monfieur Hagens van Zulkhem has difcovered only three little Stars 
tn a gutter, I have with a thirty fix foot G 1 aft, without any aperture (the 
breadth of the Glafs being about feme three inches and a half )difcover’d 
five, and the twinkling of divers others up and down in divers parts of 
that final! milky Cloud. r 

So that 'tisnot unlikely, but that the meliorating of Tekfcopes will af- 
ford as great a variety of new Dilcoveries in the Heavens, as better Mi- 
erojeopes would among fmall terreftrial Bodies, and both would give us 
infinite caufe, more and more to admire the omnipotence of the Crea- 
tor. 



Obfcrv. LX* Of the Moon. 

H Avinga pretty large corner of the Plate for the leven Starrs, void, 
for the filling it up, I have added one fmall Specimen of the ap- 
pearance of the parts of the Moon, by deferring a final! fpot of it,which, 
though taken notice of, both by the Excellent Hevelius , and called Mens 
Olympus ("though I think fomewhat improperly, being rather a vale) and 
reprefented by the Figure X, of the 38. Scheme , and alfo by the Learn’d 
Ricciolus, who calls it Hipparchus, and deferibes it by the Figure Y, yet 
how far fhort both of them come of the truth, may be fomewhat per- 
ceiv'd by the draught, which I have here added of it, in the Figure Z, 
( which I drew by a thirty foot Glaft, in O&ober 1664. juft before the 
Moon was half inlightned) but much better by the Reader’s diligently 
obforving it himfelf, at a convenient time, withaGlals of that length, 
and much better yet with one of threefcore foot long ; for through thefe 
it appears a very fpacious Vale, incompafied with a ridge of Hills, not 
very high in companion of many other in the Moon, nor yet very fteep. 
The Vale it felf A B C D, is much of the figure of a Pear, and from fe- 
ver al appearances of it, feems to be feme very fruitful place, that is, to 
have its lurface all covered over with fome kinds of vegetable fubftan- 
ees ; for in all pofitions of the light on it, it feems to give a much fainter 
refle&ion then the more barren tops of the incompafiing Hills, and thofe 
a much fainter then divers other dragged, chalky, or rocky Mountains 
of theMoon. Sothatl am not unapt to think, that the Vale may have 
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Vegetables analogs# to our Graft, Shrubs, and Trees ; and moftof thefe 
incompaffing Hills may be covered with fo thin a vegetable Coat, as we 
may obferve the Hills with us to be, fuch as the fhort Sheep pafture which 
covers the Hills of Salisbury Plains. 

Up and down in feveral parts of this place here defcrib'd ( as there 
are multitudes in other places all over the furface of the Moon) may 
be perceived feveral kinds of pits, which are fhap’d almoft like a dilb, 
fome bigger, fome left, fome fballower, fome deeper, that is, they fern 
to be a hollow Hemijphere, incom parted with a round rifing bank, as if 
the fubftance in the middle had been digg’d up, and thrown on either 
fide. Thefe feem to me to have been the effects of fome motions within 
the body of the Moon, analogus to our Earthquakes, by the eruption 
of which, as it has thrown up a brim, or ridge, round about, higher then 
the Ambient furface of theMoon, fo has it left a hole, or depreffion, in 
the middle, proportions bly lower 5 divers places refembling fome of 
thefe, I have obferv'd here in England , on the tops of fome Hills, which 
might have been caus'd by fome Earthquake in the younger dayes of the 
world. But that which does moft incline me to this belief is, firft, the 
generality and diverfity of the Magnitude of thefe pits all over the bo- 
dy of the Moon. Next, the two experimental wayes, by which I have 
made a reprefentation of them. 

The firft was with a very foft and well temper’d mixture of Tobacco* 
pipe clay and Water, into which, if I let fall any heavy body, as a Bub 
let, it would throw up the mixture round the place, which for a while 
would make a reprefentation, not unlike thefe of the Moon; but con- 
fining the ftate and condition of the Moon, there feems not any proba- 
bility to imagine, that it ftiould proceed from any caufe analogus to this ; 
for it would be difficult to imagine whence thofe bodies ftiould come- 
and next, how the fubftance of the Moon ftiould be fo foft ; but if a 
Bubble be blown under the furface of it, and fuffer’d to rife, and break * 
or if a Bullet, or other body, funk in it, be pull’d out from it, thefe de- 
parting bodies leave an impreflion on the furface of the mixture, exadrly 
like thefe of theMoon, fave that thefe alfo quickly fobfide and vanifh. 
But the fecond, and moft notable, reprefentation was, what I obferv’d 
in a pot of boy ling Alabafter, for there that powder being by the erupti- 
on of vapours reduc'd to a kind of fluid confidence, ifwhil’ft itbovls it 
be gently remov’d befides the fire , the Alabafter prefently ceafmg to 
boy], the whole furface, efpecially that where fome of the laft Bubbles 
havenfen, will appear all over covered with fmall pits, exactly iWd 
hke thefe of the Moon, and by holding a lighted Candle in a large dark 
Room, in divers pofitions to this furface, you may exactly represent all 
the PW^ of thefe pits in the Moon, according as they are more or 
Ids inlightned by the Sun. J 

And that there may have been in the Moon fome fuch motion as 
which may have made thefe pits, will feem the more probable, 
if we fuppofe it like lC ur Earth, for the Earthquakes here with us feem 
to proceed from fome fuch caufe, as the boyling of the pot of Ala- 
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bafter, there feemmg to be generated in the Earth from feme fubter 
raneous fires or heat, great quantities of vapours, that is, of exoM- 
ded aerial fubftances, which not pi efently finding a paihigc throuehthe 
ambient partsof die Earth, do, as they are incfeafjd b^S £ 
and generating principles , and thereby ( having not Micient room to 
expand themielves ) extreamiy condens’d, at laii overpower, with 
their elaftu\ properties, the refiftenceof the incompaffine Earth and 
lilting it up, or cleaving it, andfo (hattering of the parts of the Earth 

above it-, do at length, where they find the parts of the Earth above them 
^° r e e ' malie their way upwards, and carrying a great part of the 
Earth before them, not only raife a fmall brim round about the place, out 
of which they break , but for the mod part confiderable high Hills and 
Mountains, and when they break from under the Sea, divers times 
mountainous Iflands j this feems confirm d by the Vulcans in lev end 
places of die Earth, the mouths of which, for the molt part, are in com- 
pared with a Hill of a confiderable height, and the tops of thole Hills, 
or Mountains, areufually fhapd very much like thefe pits, ordifbes, of 
the Moon * Instances of this we have in the defenptions of Mtna in si- 
city) of Me cl a in Iceland , of Tenerif in the Canaries , of the feveral Vul~ 
cans in New-SpaiU) deferib’d by Gag and more efpecially in the erupti- 
on of Jate years in one of the Canary Idands. In all of which there is not 
only a confiderabjehigh Hill raifed about the mouth of the Vulcan , but, 
Kke the fpots of the Moon, the top of thofe Hills are like a dilh, or ba- 
ton. And indeed, if one attentively confider the nature of the thing, 
one may find fufficient reafon to judge , that it cannot be other wile } for 
thefe eruptions, whether of fire, or fmoak, alwayes rayfing great quan- 
tities of Earth before them, mud: neceflarily, by the fall of thole parts 
on either fide, raife very confiderable heaps. 

Now, both from the figures of them, and from feveral other cir- 
cumdances, thefe pits in the Moon feera to have been generated 
much after the lame manner that the holes inAlabafter, and the Vul- 
cansot the Earth are made. For firft, it is not improbable, but that 
the lublhince of the Moon may be very much like that of our Earth, 
that is, may confift of an earthy, landy, or rocky Jubilance, in feveral of 
its luperficial parts, which parts being agitated, undermin’d, or heav’d 
up, by eruptions of vapours, may naturally be thrown into the lame 
kind of figured holes, as the fmall duff, or powder of Alabafter. Next, 
it is not improbable, but that there may be generated, within the body 
of the Moon, divers fuch kind of internal fires and heats, as may pro- 
duce fuch Exhalations , forfincewecan plainly enough difeover with a 
Tdefeope , that there are multitudes of fuch kind of eruptions in the 
body of the Sun it felf, which is accounted the mod noble jEtherial bo- 
dy, certainly we need not be much fcandaliz’d at fuch kind of altera- 
tions, or corruptions, in the body of this lower and led confiderable 
part of the univerfe, the Moon, which is only fecundary, or attendant, 
on the bigger, and more confiderable body of the Earth. Thirdly, kis 

not unlikely, but that fuppofingfucha landy or mouldring fubftanee to 
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be there found, and fuppofihg alfo a poffibility of the generation of the 
internal claftical body (whether you will call it air or vapours) tis 
not unlikely, I fay, but that there is in the Moon a principle of gravita- 
tion, fuch as in the Earth. And to make this probable, 1 think, we need 
no better Argument, then the roundnefs, or globular Figure of the bo- 
dy of the Moon itfeJf, which we may perceive very plainly by the Tc~ 
lefcope, to be (bating the final! inequality of the Kills and Vales in it 
which are all of them likcwife drap'd, or levelled, as it were, toanfwcr 
to the center of the Moons body ) perfectly of a Sphserical figure, that 
is, all the parts of it are fo rang'd ( bating the eomparitively fmall mg- 
gednefs of the Hills and Dales) that the outmod bounds of them are 
equally diftant from the Center of the Moon, and confequently, it is 
exceedingly probable alfo. that they are equididant from the Center of 
gravitation 5 and indeed, the figure of the fupcrfidal parts of the Moon 
are 10 exactly ffiap’d, according as they ffiouid be, fuppofing it had a 
gravitating principle as the Earth has, that even the figure of thofe 
parts thcmlelvcs is of fufficient efficacy to make the gravitation, and the 
other two fuppofifioris probable: fo that the other luppofitions may be 
rather provd by this confiderable Circumdance, or Obfervation, then 
this luppqsd Explication can by them 5 for he that fhall attentively 
o ti vc with an excellent Telefcope , how all the Circum dances, notable in 
the ffiape of the fuperficial parts, are, as it were, exactly adapted to 
bit with fuch a principle ? will 5 if he well confides theufua] method ofNa- 
tiirein its other proceedings, find abundant argument to believe itto have 
really there aho fuch a principle^ for r could never obferve, among all the 
mountainous or prominent parts of the Moon ( whereof there is a huge 
variety ) that any one part of it was plac'd in fuch a manner, that if there 
fhould be a gravitating, or attracting principle in the body of the Moon 
it would make that part to fall, or be mov'd out of its vifible pofC? 
Next, the ffiape and pofition of the parts is fuch, that they all feem our 
into thofe very ffiapes they are in by a gravitating power .* For firft there 
are but very few cltfts, or very deep declivities in the afeent of thefe 
Mountains j for befides thofe Mountains, which are by Hevelhts call’d thf> 

ST 7 a MoUnta ; ns ’ * nd r « me other > whichrecm to border on the Seas 

HiS° 0 n \ andth 0 r l On i y T" °" efide > as ‘ is common alfoin thoffi 
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Ebulhtions, °r Mies, even in the Vales themfelves,and in the incompaf- 
fing Hills alio 5 this will, from this fuppofition, ("which I have, I think ud 
on very good reafon taken ) be exceeding eafily explicable; for 'as I 
have feveral tunes alfoobferv’d, in the furface of Alabafter fo ordered 
as I before defcrib’d, fo may the later eruptions of vapours be even in the 
middle, or on the edges of the former j and other fucceeding thefe alfo 
m time may be in the middle or edges of thefe, &c. of which there are 
Inftances enough in divers parts of the body of the Moon, and by a 
boyling pot of Alabafter will be fufficiently cxemplifi’d. 

To conclude therefore, it being very probable, that the Moon has a 
principle of gravitation , it affords an excellent diftinguilhingfnftance 
in the fearch after the caufe of gravitation, or attraction, to hint, that it 
does not depend upon the diurnal or turbinated motion of the Earth as 
fome have fomewhat inconfiderately fuppofed and affirmed it to do 5 for 
if the Moon has an attractive principle, whereby it is not only fhap’d 
round , but does firmly contain and hold all its parts united, though 
many of them feem as loofe as the fand on the Earth, and that the Moon 
is not mov’d about its Center j then certainly the turbination cannot be 
the caufe of the attraction of the Earth j and therefore fome other 
principle muft be thought of, that will agree with all the fecundary as 
well as primary Planets. But this, I confefs, is but a probability, and 
not a deiiionftration, which (from any Obfervarion yet madej it feem$ 
hardly capable ofj though how fuccefsful future indeavours (promoted 
by tha meliorating of Glafies, and obferving particular circumftances) 
may be in this, or any other, kind, muft be with patience expeCted. 
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The occafion and manner of ma- 
king this Experiment ; divers Obfir- 
vations fit down in order to the find- 
ing out thereafens : fome conjectures 
concerning it , which are endeavoured 
to be explicated and confirm’d by fi- 
veral Experiments and Reafons ; the 
Hypothecs a little further explica- 
ted, some Obfervations about the 
Globular Figure : and an Experiment 
of reducing the filings of Tin or Lead 
to exaftly round Globules. 



45 

46 

47 



Obferv, 9. Of Fantaftical Colours. 

The texture of Mufcovy Glafl t, its 
Figurescwhat other Bodies are Ii kg it: a 
that it exhibits fever al colours , and ^ 
how fever al Obfervations and Experi- 
ments about tkofe colours : the reafen 
why on this occafion the nature of co-fi$ 
lours is inquir’d into. A conjeUure at 
the reafon of thefe colours explicated 5 ° 
by fiveral Experiments and Reafons : 
Ftrfi, by continual cleaving the Body 
till it become colour'd. Secondly, by 

producing all kinds of colours with 
two flat Plates of Glafl, Thirdly, , by 
blowing Glafl fo thin m the Lamp , till 
it producet he fame eflecl. Fourthly fly 5 
doing the fame with Bubbles oj di- 
vers other tranfparent Bodies : the 
reafons of the colours on, mealed Steely 
where by the way the canfe s of the 5 ~ 
hardning 
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52 hardning and tempering of Steel , 
endeavour’d to be fhevon and explica- 
ted by fiveral Reafons and Experi- 
ments ; the reafon of the colours on 

53 Lead, Brafl, Copper, Silver , &c. other 
Inflances of fetch colour’d bodies in 
animal fubjlances : fiveral other di- 

flinguijhing Obfervations. Oes Cartes 

54 Hypothecs of Colours examin'd. An 
Hypothecs for the explication of 
light by motion , indeavotired to be 
explicated and determined by feve- 

55 ral Reafons and Experiments ; three 
difiinguifhing Properties of the moti- 
on of light. The diflingui filing Proper- 
ties of a trafparent Medium [ that 
there feems to be no Experiment that 
proves the Info ant ancons motion of 

57 light 1 the manner of the propagati- 
on of light through them. Of the ho- 
mogeniety and heterogeniety of 
transparent Mediums , and what ef- 
fetts they caufeen the Kayes of light , 
explicated by a Figure: an Ex ami- 

tjg nation of the refer afi ion of the Rays 
by a plain Surface , which caufis Co- 
lours, An Examination of the like cf- 

59 J fells produced by a fpheri cal Surface ; 
the ufe that may be made of thefe Ex- 
periments , for the examination of 
fiveral Hypothefes of Colours. Des j 

60 Cartes Hypothecs examin’d. Some 

6 1 Difficulties taken notice of in it. What 
feems moll likely to be the caufe of co- 
lour; that propriety is indeavoured 

92 fo be jhewn in a Glafl ball : that the 
reflection is not mceffary to produce 

#3 Colours nor a double refra&ion : the 
Hypothe/is further examinedfioth in 

64 the pellucid Medium and in the Fye. , 
The definitions of Colour s-^and afur- 

65 ther explication and examination 'of 

66 the Proprieties of laminated Bodies j 

67 by what means they conduce to the 
production of Colours. 

Qbferv. 10. Of Metalline Colours. 

68 That all Colours fiem to be caus'd by 



refer aff ion. An Hypothecs confonant 
hereunto, explicated by Figures. How 69 
fiveral Experiments , of the fitdden 
changing of Colours by Chymical Li- 
quors, maybe hereby explicated : how 70 
many wayes fkch Chymical Liquors 
may alter the colours of Bodies. 
Objections made againfl this Hypo- pi 
iheiis of two colours onlyjhdeavour- 
ed to be anjwer’d , by fiveral Reafons 
and Experiments. The reafon why /2 
■ fome Colours are capable of being di- 
luted, others not : what thofe are ; that 
probably theparticles of mofl metal- 
line Colours are tranfparent , for this 
Jeveral Arguments and Obfervations 
are recited : how Colours become in- 73 
capable of diluting , explicated by a 
Similitude, An Infirument, by which 74 
one and the fame coloured Liquor at 
once exhibited all the degrees of co- 
lours between the palejl yellow and 
deepejl red. ; as likewife another that 
exhibited all varieties of blues ; fo- 
veral Experiments try’cl with thefe 
Boxes. An Objeffi on drawn from the 75 
nature of Painters colours aftfipered: 
that diluting and whitening a colour 
are different operations 5 as are 
deepening and blackening ; why fome 
may be diluted by grinding, and feme 
other by being tempered with Oyl: 
feveral Experiments for the explica- 16 
ting of fome former Affections: why 77 
Painters are forced to make ufe of 
many colours : what tkofe colour! are; 
and how mixt. The conclufion, that 78 
mofl coloured Bodies jeem to confijl ' 
of tranfparent particles : that all co- 7q 
lours diffolubk in Liquors are capa- ' 
ble of diluting ; feme of mixing, what 
a firange variety may thereby be pro- 
due d. 

Obferv. U. Of the Figures of 
Sand. 

Of the fubjlances and Jhapes of? a 
LI common 



I 
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common and other Sands : a defcri- 
ption of a very JhtaU Shell. 

8 1 Obferv. 12. Of Gravelin Urine. 

A defcription of fitch Crave l, and 

82 fime try als made with it , and conje- 
ctures at its canfe , 

Obfer. 13. Of Diamonds in Flints. 

A defcription and examination of 
fome of them , explicated further by 
§3 Cornifh Diamonds : fever al Obfirva- 
tions about refell ion and refraction ; 
and fime deduff ions therefrom 2 as 
an explication of whiten efi‘, * hat the 
Air has ajirenger reflection then Wa- 
g ^Jer, Howfiveral Bodies may be made 
iranfparent : an explication of the 
g- Phenomena of Oeulus Mundi. Of 
the regular Geometrical Figures of 
g5 fiver al Bodies : an hypothetical expli- 
gy cation mentioned: the method of pro - 
1 ficuting this inquiry. 

g8 Obferv 14. Of frozen Figur e. 

T he Figures of hoar Profit and the 
go Vortices on windows : feveral Obfir- 
' nations on the branched Figures cf 
g 0 Vrine: the Figures of Regulus Mar- 
01 tisfteflatus, and of Fern. QftheFi- 
' 2 gttres of Snow. Of frozen water. 

Obferv. 15. Of Kettering Stone. 

A defcription of the Figure of the 
nl Particles , and of the Pores , and of the 
or Contexture . Several Obfervations and 
05 Confederations thereupon : fome Con - 
y jeffures about the medium and pro- 
pagation of light , and the conftitution 
of fluid and iranfparent Bodies, Se- 
at) veral Experiments to prove the po - 
^ roufnefi of i Marble, and fome other 
Stones. An account of fime Experi- 
ments to this purpofi made on an 



Genius Mundi: fime other Confide- 99 
rations and Experiments about the 
poroufnefl of Bodies: fome other Con - {C . 0 
flderations about the propagation of 
light and refraction. 

Obferv, 1 6. Of Charcoal, 

Of two fort of Pores to be found jqj 
in alt Woods and Vegetables $ the 
fhape of them ; the number , thick: 
neff, manner and ufe of thefi Pores , 

An explication of the Phenomena 102 
of Coals. The manner of charring 
Wood , or any other body. What part 
of Wood is combuflible. An Hypo- I0 ^ 
theirs of fire explicated in twelve 
particulars , wherein the Affion of 
the Air , as a Menftruum, in thedifi 
filution of all fulphureous bodies , is 
very particularly explicated , and 105 
fime other Conficlerations about the 
Air propofid : the examination of 
apiece of JLignutn foffile fent from I0 g 
Rome, and fome Conclufions thence 
deduc'd. 

Obferv. 17. Of Wood, and other l0 y 
Bodies, petrified. 

Several Obfirvations of divers 
kinds of thefifibfiances.A more par- 108 
ticular examination and explicati- 
on of one very notable piece of petri- 
fied Wood and fome Conjeff ares a- 
bout the catife of thofi produff ions : 
feveral Obfervations made on other I0 ^ 
petrified Bodies , as Shells , &c. And x j 0 
fime probable Conclufions thence de- Xll 
dued , about the original caufe of ll2 
thofi Bodies. 

Obferv. 1 8. Of the Pores of Cork, 
and other Bodies. 

Several obfervations and Confi- 
derations about the nature of Cor\: 
the number of P ores in a cubical 

Inch, 
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Inch , and JeveralCouJiderations a- 

115 bout Pores. Several Experiments 
and Obfervations about the nature 
of Cork. • the Texture and Fores of 
the Pith of an Elder , and feveral 0- 
ther Trees : of the Stalks of Bur- 
docks, Teafcls,Daifles,Carret, Fennel, 

11 6 Feme feeds. See. of the frothy tex- 
ture of the Pith of a Feather : fime 
Conjeff ures about the probability of 
values in thefi Pores. Argued alfo 
from the Phenomena of the finft - 

1 17 bleand humble Plant: fome Obfir- 

120 vatiom on which are inferted. 

12 1 Obferv. 19. Of a Vegetable 

growing on blighted Leaves, 

122 Several Obfirvations and Exa- 

123 mi nations made of them: fiver al I 

124 Considerations about ffontaneous 

125 generation arifing from the putre- 
faffion of Bodies. 

Obferv. 20. Of Blew Mould and 
Muihromes. 



MoJfes 5 upon this occafion feveral 
Conj eff ures, about the manner of the 
produff ion of thefi kinds of Bodies, 
are hinted , and fime of them expli- 
cated by a Similitude taken from a I 33 
piece of Clockwork- Thevaft dike- I2 , 
rence of the bigneffof vegetable Bo- 
c?es a 1 the probability that the 
leafi may comprehend as curious 
contrivances as the great eft. Ofnml- \ 3 5 
ti tudes of other Moulds, Moffcs, and 3 
Mujhromes , and other vegetating 
Principles, in Water, Wood, &c. 

Obferv. 22. Of Sponges, and other 
fibrous Bodies. 

Several Obfervations and Conj e- ^ 

ffnres about the making of thefi Bo- 
dies } and feveral Ujjhnes out of 
Authors. Scarce any other Body hath 137 
jiich a texture 5 the fibrous texture 138 
of Leather , Spunfi, &c. (which are 139 
there defirib d j come nsarejl to it. 
t hat upon tryal with a piece of 
Spunge and Oyl the neceffity of re- uo 
fpir atton could not be alter'd. 



126 The defcription of fiver al kinds 

127 of Moulds. The method of proceed- 
ing in natural Inquiries. Several 
Confiderations about the nature of 
Mould and Mujhromes. 1. That 
they may be produc’d without feed. 

2. That they fiem to have none. 

3. That Salts, See. are Jhap'd into as 
I2 g curious figures without a feed. 4. Of 

a kind of Mujhrome growing in a 
Candle : A more particular explica- 
tion of this lafi firt of Mujhromes, 

129 5 * G f the figure and manner of the 
produff ion of petrified Iceicles feve- 
ral deduffions from thefi Confidera- 

130 ffons, about the nature of the vege- 
tation oj Mould and Mujhromes. 

13 1 Obferv. 2 1. Of Mofs, 

132 The defcription of feveral forts of 



Obferv. 23. Of the Form of Sea- 
weed. 

\ •' * " “ ' ", H-f? />t i ; 

From the curioufiy Jhafid sur- 
face of this Sea-weed, and fime 0- 
thersfs conjeff ured the poifibility of 141 
multitudes of the like. - 

Obferv. 24. Of the Surfaces of 
fome Leaves. 



The defcription, 1. Of the bald 
Surfaces of Leaves. 2. of the dow- 
ny Surfaces of feveral others. 

3. Of the gummousexfudation, or. 
JmaU transparent Pearls, difeovered 142 
with a Microfcope in feveral o- 
thers An Infiance of all which is 
afforded in a Rofitnary Leaf, 



Obferv* . 
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Obferv. aj. Of the Ringing 
Points of a Nettle. 

A defeription of the Needles and 
feveral other contrivances in the leaf 
i 44 of a Nettle : how the ftingingpain is 
created : upon this feveral conf dera- 
tions about poy fining Darts are fet 
down. An Experiment of killing Effs, 
and Fifbes with Salt. Some conjeUures 
at the efficacy of Baths 5 the ufe that 
may be made of injeUing into the 
245 Veins , A very remarkable Hiflory 
out of Bdionius and fome Conft de- 
rations about flawing and dying of 
Bodies. 

Obferv. 76 . Of Cowage. 

The deferiptien of it out o/Parkin- 
1 46 fon.-aw Experiment mads of it : a de- 
feription, and fame conjeUures at the 
caufeof the Phenomena. 

Obferv. 27. Of the Beard of a 
wild Oat. 

jay 

148 T£e defer ip tion of itsjhape and 
1 4 9 properties : the manner of making a 
1 50 Hygrofcope with it ; and a Cenje- 
j ^ j Uure at the caufes of thefe motions, 
j j 2 and of the motions of the Mufcles, 

Obferv. 28. Of the Seeds of Ve* 
nice Looking'glafs. 

1 y ^ The defeription of them. 

Obfer. 29. Of the Seeds of Time. 

154 A defeription of them, A digrejfion 

about Natures method. 

Obferv, 30- Of Poppy Seeds. 

ijy The defeription and ufe of 

them. 



Obferv. 31. Of Porflane Seeds. i s £ 

A defeription of thefe and many 
other Seeds. 

Obferv. 32. Of Hair. 

*57 

The defeription of feveral forts of j jg 
Haiti their Figures and Textures : 
thereafen of their colours, A deferipti. 
on of the texture of the skin, and of [g 0 
Spunky and Sponges ; by what paf- 
[ages and pores of the skin tranfpira , 
tion feems to be made. Experiments 
to prove the poroufnefs of the skin of 
Vegetables . 

Obferv. 33. Of the Scales of a I( jj 
Soale. 

A defeription of their beauteous 
form. 

Obferv. 3 4. Of the Sting of a Bee. 

A defeription of its Jhape, mtcha- 

nifme, and ufe. 

Obferv. 35. Of Feathers. x 6 f 

166 

A de ftription of the Jhape and eu. 
rious contexture of Feathers : and 
fome conjectures thereupon. 

Obfer. 3 6 , Of Peacocks Feathers. 

A defeription of their curious form j^8 
and proprieties ■, with a cenjeUure at 169 
the caufe of their variable colours. 

Obfer. 37. Of theFeetof Flyes, 
and other Infers, 

A deferiptien of their figure parts, I7 q 
and ufe’, and feme confiderations I7 i 
thereupon, 

Obferv, 
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Obfer. 38. Ofthe Wings ofFIyes. 



1 ^ % After what manner, and hew fwift- 

1 ^ iy the wings of InfeUs move . A de - 
feription of the Pendulums under the 
, wings , and thUr motion : the Jhape 

1 7 ~' anaJlruUure of the parts of the wing. 

*7 5 Obfer. 39. Of the Head of a Fly. 

1. AS the face of a Dr one- fly is no- 
thing almofi but eyes.- 2. Thdfe'Mc 

176 of two magnitudes, 3. They are 
tiemifpheres , and very refleHivs and 
finooth. $.Some directed towards eve - 
ry quarter. 5 . How the Fly cleanfes ■ 
them. 6 Their number. 7 .Their order : 

177 divers particulars obferv d inthedif 

1 78 fefling a head. That thefe are very 
probably the eyes of the Creature 3 ar> 
gued from feveral Obfervatiens and 

1 79 Experiments, that Crabs , Lobfiers, 
Shrimps, fism to be water InfeUs, and 
to be framed much like AirlnfiUs. 

180 Several Confiderations about their 
manner of vifion. 

Obfer .40. Of die Teeth of a Snail. 

if 

181 A brief defeription of it. 



greffive-,and transformation, A Bido- 187 
ry fomewhat Analogus cited out of 
Pifo. Several Ob fervations .about the t gg 
various wayes of the generations of 
InfeUs : by what means they act Jo f 
feemingly wifely and prudently. Seve* t q 0 
ral Queries propounded. Foflfiript , 
containing a relation of another very 
odd way sf the generation of InfeUs. 

A n Observation about the fertility of 
the Earth of our Climate in producing 
InfeUs, and of divers ether wayes of 1 93 
their generation. 

Obferv* 44, Of the tufted Gnat. 

Several Obfervables about InfeUs, 
and a more particular defeription of J94 
the parts of this Gnat . 

Ob.45.Of the great belly’d Gnat, 

A Jhort defeription of it, 

Obfer. 46. Of a white Moth. 

- A defeription of the feathers and 
wings of this, and feveral other In - j ^ ? 

feUs . Divers Confiderations about the 
wings, and the flying of InfeUs and 
Birds. 



Obferv. 4 1 . Of the Eggs of Silk- 
worms. 

18a Several Ohfervables about the 
Eggs of InfeUsi 

183 Obferv. 42. Of a blue Fly, 

184 A defeription of its outward and 
inward parts. Its bar dine fs to indure 

igy freesfng.and fleeping inspirit of wins, 

Obferv. 43. Of a water Infedf. 

186 A defeription of its Jhape, tranfpa - 

reney, motion, both internal and pro. 



Obf, 47. Of the Shepherd Spider. 



A defeription of its Eyes ; and the 
fockets of its long legs : and a Conje . 199 
elute of the mechanical reafon of its 
fa brie {i together with a (uppofiticn, 
that ’tis not unlikely, hut Spiders may 
have the make of their inward parts 
exaUly like a Crab, which may be iSO 
call da water Spider. 



Obfer.4!. Of the hunting Spider. 



A flsort defeription of it » to which 
is annext an excellent Hiflory of it, 
made by Mr, Evelyn. Some further 
M m Obfer - 



So* 
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aoz Obfervatums on other Spiders , and 
their Webs , together with an exami- 
nation of, a white Subfiance flying up 
and down in the Air after a Fog. 



203 Obfer. 4?. Of an Ant. 



B L E. 

mation of the variety of forms in other 

Mites i with a Conjecture at the tea. j r . 
(on. ' l r 



Ob. f&. Of fmall Vine. Mites. 



That all fmall Bodies . both Vege- 
table and Animal, do quictyy dry and 
wither .7 he bejl remedy 1 found to bin- 
der it, and to make the Animal lye flili 
2O4 to be obferv'd. Several particulars re- 
lated of the aUions of this Creature $ 
2© 7 and a fhort defer iption of its parts. 

Obf. 50. Of the wandring Mite. 



A defeription of them 5 aghefl at 
their original • their exceeding final, 
nefs compar'd with that of a Wood- 2ifi 
loufefirom which they may be fupposd 
to some. 

Obferv. 57. Of Vinegar-worms. 

A defeription of them, with fame 21 7 
eonfi derations on their motions. 



A defeription of this Creature, and 
of another very [mall one , which ufu - 
207 bore it company. A ConjeUure at 
the original of Mites. 

Obferv. 51. Of a Crab- like InfeCt, 

308 A brief defeription of it. 

Obferv. 52. Of a Book-worm. 

2O9 A defeription of it 5 where by the 
way is inferted a digrejjten, experi- 
mentally explicating the Phasnome- 
2x0 na of Pearl. A eonfi deration of its 
digeflive faculty. 

Obferv. 53. Of a Flea, 

21 1 A Short defeription of it. 

Obferv, 54- Of a Loufe. 

212 A defeription of its parts, and feme 

213 notable eircumfiances. 

Obferv. 57, Of Mites. 

T be exceeding fmalnefl of feme 
Mites y and their Egg s. A defeription 

214 of the Mites of Cheefe ; and an inti - 



Obf. 58. Of the Inflexion of the 
Rays of Light in the Air. 

A Jhort rehear fal of feveral Pha;- 2 1 8 
nomena. An attempt to explicate 219 
them:tbe fuppojition founded on two 
Propofitions y both which are indca- 
voured to be made out by feveral Ex- 
periments. What denfity and rarity 
is in reffebl of refraShon: the rtfrahdi- 
on of Spirit of Wine compared with 
that of common Water ■ the ref ration 220 
of Ice. An Experiment of making an 
%)ndulation of the flays by the mixing 

of Liquors of differing denfity. Tfse 
explication of inflection, mechani- 231 
tally and hypothetically what Bodies 
have fuch an inflexion. Several Ex- 
periments to Jhen> that the Air has 
this propriety ; that it proceeds from 222 
the differing denfity of the Air : that 
the tipper and under part of the Air 
are of differing denfity ; feme expert- 22 >, 
merits to prove this. A Table of the 3 
flrength of the fpring of the Air , an. 
f veering to each degree of extenfion ; 
when fir ft made , and when repeated. 224 
Another Experiment of comprtffmg 225 
the Air .AT able of the' flrength of the 2x6 
Air , an (veering to each tomgrejfim 
and expanfion j from which the height 

»f 



- „ of the Air may be fupposd indefinite s 
1.1 to what degree the Air is ran fid at 
any diftance above the Surface of the 
Earth : hove, from this. Inflexion is 
90 infers At and feveral Phenomena 
**' explain’d. That the Air near the 
Earth is compos'd of parts of differing 
denfity } made probable by feveral 
s 3 1 Experiments and Obfervatiens ; how 
this propriety produces the effects of 
the waving and dancing of Bodies > 
and of the twinkling of the Stars. 
i33 Several Phenomena explicated. 
Some Queer its added. 

1 . Whether this Principle may not 
be madeufeof, for per folding Optic k. 
234 Glaffes f What might' be hoped from 1 
it if it were to be done ? 

z. whether from this Principle 
the apparition of fame new Starr may 
not be explicated ? 

3. Whether the height of the Air 
may be defin'd by it? 

4. Whether there may not fome- 
times he fo great a dif parity of den- 
fity between the upper and under parts 
of the Air } as to make a reflecting 
Surface ? 

$. Whether, if fb, this mil not ex - 
2 35 plicate the Phenomena of the 
Clouds , An Experiment to this pur- 
pofe ? 

, 7- Whether the flayes from the 

i top of Mountains are not bended into 
Curve-lines by inflexion ? An Argu- 
ment for it, taken from an Experiment 
made on St. Paul/ Steeple. 

8, Whether the diftame of the 
Planets will not be more difficult to 
23 y be found ? What wayes are moft like- 
ly to reUifie the diftance sf the Moon : 
the may of fitting Telefcopes for 
fuch Obfervations. How to make the 
-Obfervations , and how from them to 
* ^ find the true diftame of thfMoon at 
any time. How the diftance of the S un 
may be found by two Obfervators.Tbe 
73 ? bv the Dicotomy of the Moon un- 
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certain. That the diftance of the 
Moon may be lefs then it has been 
hitherto fiippos'd. Kepler’/ Suppofiti- 
onnot fb probable ; the explication of * 4 ® 
the Phenomena by another Hypo- 
thefts, 



241 



Obferv. 59. Of the fixt Stars* 

Of the- multitudes of Stars dij "co- 
ver able by the Telefco.pe , and the 
variety of their magnitudes: yQ. Stars 
diftinguifht in the Pleiades \that there 
are degrees of, bignefs even in tbeStars 
accounted of the fame magnitude : the 
longer the Glafies are , and the bigger 
apertures they will indure , the more 
fit they are for thefe difeoveries : that 
'tis probable, longer Glaffes would yet 
make greater difeoveries. 5. Stars 
di [cover din r^eGalaxie e/ Orion’/ 
Sword. 

Obferv. 60. Of the Moon. 

A defeription of a Vale 'in the 
Moon , what call’d by Hevelius and 
Riccinlus.jjm/ how d'efetib’d by them-, 
with what fubftanccs the fiifls of the 243 
Moon may be cover'd. A defeription 
of the pits of the Moon , and a conje- 
cture at their castfe : two Experiments 
that make it probable, that of the fur- 
face of beyPd Alabafler duft feeming 244 
the moft likely to be refemb/ed by eru- 
ptions of vapours out of the body of the 
Moon : that Earthquakes feem to be 
generated much the fame way, and 
their effects feem very fimilar . An Ar » 
gument that there may be fuch varia- 
tions in the Moon , becaufe greater 
have been obferv'd in the Sun-.becaufe s ^ 
the fubftmce of the Moon and Earth 
feem much alike: and becaufe ’ tis pro- 
bable the Moon has a gravitating 
principle ; this is argued from feveral 
particulars. The reafon why feveral ^ 
pits are one within another. The ufe '* 
that may be made of this Inftance of 
a gravity in the Moon. 
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